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This edition of NFPA 72, National Fire Alarm Cod&, was prepared by the Technical Commit- 
tee on Fundamentals of Fire Alarm Systems, Household Fire Warning Equipment, Initiating 
Devices for Fire Alarm Systems, Notification Appliances for Fire Alarm Systems, Protected 
Premises Fire Alarm Systems, Public Fire Reporting Systems, Supervising Station Fire Alarm 
Systems, and Testing and Maintenance of Fire Alarm Systems; released by the Technical Cor- 
relating Committee on the National Fire Alarm Code; and acted on by the National Fire Pro- 
tection Association, Inc., at its May Meeting held May 17-20, 1999, in Baltimore, MD. It was 
issued by the Standards Council on July 22, 1999, with an effective date of August 13, 1999, 
and supersedes all previous editions. 

This edition of NFPA 72 was approved as an American National Standard on August 13, 
1999. 


Origin and Development of NFPA 72 


NFPA’s signaling standards date back to 1898. The 1993 edition of NFPA 72 was a consol- 
idation of the 1989 edition of NFPA 71, Standard for the Installation, Maintenance, and Use of Sig- 
naling Systems for Central Station Service; the 1990 edition of NFPA 72, Standard for the 
Installation, Maintenance, and Use of Protective Signaling Systems; the 1990 edition of NFPA 72E, 
Standard on Automatic Fire Detectors; the 1989 edition of NFPA 72G, Guide for the Installation, 
Maintenance, and Use of Notification Appliances for Protective Signaling Systems; the 1988 edition of 
NFPA 72H, Guide for Testing Procedures for Local, Auxiliary, Remote Station, and Proprietary Protec- 
tive Signaling Systems; and the 1989 edition of NFPA 74, Standard for the Installation, Mainte- 
nance, and Use of Household Fire Warning Equipment. Many of the requirements of these 
standards were identical or very similar. The recommendations that were taken from the 
guides (NFPA 72G and NFPA 72H) were changed to mandatory requirements. 

The 1996 edition of NFPA 72 incorporated many changes of a technical nature. These 
changes related to issues such as the Americans with Disabilities Act, software testing, fire 
modeling, and communications. 

The 1999 edition represents a major change in code content and organization. Vertical 
rules are not shown because of the extensive nature of the revisions. The chapters have been 
arranged to facilitate user friendliness and provide a logical structure. A new chapter on pub- 
lic fire reporting was added, and many technical revisions were made. Appendix B was stream- 
lined to facilitate ease of use, many unenforceable terms were removed, and Chapter 3 was 
reorganized to facilitate a more logical approach. 

Prior editions of this document have been translated into languages other than English, 
including Spanish. 
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NOTICE: An asterisk (*) following the number or letter des- 
ignating a paragraph indicates that explanatory material on 
the paragraph can be found in Appendix A. 

A reference in parentheses () at the end of a section or para- 
graph indicates that the material has been extracted from 
another NFPA document. The bold number in parentheses indi- 
cates the document number and is followed by the section num- 
ber where the extracted material can be found in that 
document. The complete title and current edition of an 
extracted document can be found in the chapter on referenced 
publications. 

Information on referenced publications can be found in 
Chapter 9 and Appendix C. 


Chapter 1 Fundamentals of Fire Alarm Systems 


1-1 Scope. NFPA 72 covers the application, installation, loca- 
tion, performance, and maintenance of fire alarm systems and 
their components. 


1-2 Purpose. 


1-2.1* The purpose of this code is to define the means of sig- 
nal initiation, transmission, notification, and annunciation; 
the levels of performance; and the reliability of the various 
types of fire alarm systems. This code defines the features asso- 
ciated with these systems and also provides the information 
necessary to modify or upgrade an existing system to meet the 
requirements of a particular system classification. It is the 
intent of this code to establish the required levels of perfor- 
mance, extent of redundancy, and quality of installation but 
not to establish the methods by which these requirements are 
to be achieved. 


1-2.2 Any reference or implied reference to a particular type 
of hardware is for the purpose of clarity and shall not be inter- 
preted as an endorsement. 


1-2.3 Unless otherwise noted, it is not intended that the pro- 
visions of this document be applied to facilities, equipment, 
structures, or installations that were existing or approved for 
construction or installation prior to the effective date of the 
document. 


Exception: Those cases where it is determined by the authority having 
jurisdiction that the existing situation involves a distinct hazard to life 


or property. 
1-3 General. 


1-3.1 This code classifies fire alarm systems as follows: 


(1) Household fire warning systems 
(2) Protected premises fire alarm systems 
(3) Supervising station fire alarm systems 
a. Auxiliary fire alarm systems 
1. Local energy type 
2. Parallel telephone type 
3. Shunt type 
b. Remote supervising station fire alarm systems 


c. Proprietary supervising station systems 
d. Central station fire alarm systems 
e. Municipal fire alarm systems 


1-3.2 A device or system having materials or forms that differ 
from those detailed in this code shall be permitted to be exam- 
ined and tested according to the intent of the code and, if 
found equivalent, shall be approved. 


1-3.3 The intent and meaning of the terms used in this code 
are, unless otherwise defined herein, the same as those of 
NFPA 70, National Electrical Codé&. 


1-4 Definitions. For the purposes of this code, the following 
terms are defined as follows. 


Acknowledge. To confirm that a message or signal has been 
received, such as by the pressing of a button or the selection 
of a software command. 


Active Multiplex System. A multiplexing system in which 
signaling devices such as transponders are employed to trans- 
mit status signals of each initiating device or initiating device 
circuit within a prescribed time interval so that the lack of 
receipt of such a signal can be interpreted as a trouble signal. 


Addressable Device. A fire alarm system component with dis- 
crete identification that can have its status individually identi- 
fied or that is used to individually control other functions. 


Adverse Condition. Any condition occurring in a communi- 
cations or transmission channel that interferes with the proper 
transmission or interpretation, or both, of status change signals 
at the supervising station. (Refer to Trouble Signal.) 


Air Sampling—Type Detector. A detector that consists of a 
piping or tubing distribution network that runs from the 
detector to the area(s) to be protected. An aspiration fan in 
the detector housing draws air from the protected area back 
to the detector through air sampling ports, piping, or tubing. 
At the detector, the air is analyzed for fire products. 


Alarm. A warning of fire danger. 


Alarm Service. The service required following the receipt 
of an alarm signal. 

Alarm Signal. A signal indicating an emergency that 
requires immediate action, such as a signal indicative of fire. 


Alarm Verification Feature. A feature of automatic fire 
detection and alarm systems to reduce unwanted alarms 
wherein smoke detectors report alarm conditions for a mini- 
mum period of time, or confirm alarm conditions within a 
given time period after being reset, in order to be accepted as 
a valid alarm initiation signal. 

Alert Tone. An attention-getting signal to alert occupants 
of the pending transmission of a voice message. 


Analog Initiating Device (Sensor). An initiating device that 
transmits a signal indicating varying degrees of condition as 
contrasted with a conventional initiating device, which can 
only indicate an on-off condition. 


Annunciator. A unit containing one or more indicator 
lamps, alphanumeric displays, or other equivalent means in 
which each indication provides status information about a cir- 
cuit, condition, or location. 


Approved.* Acceptable to the authority having jurisdiction. 


Audible Notification Appliance. A notification appliance 
that alerts by the sense of hearing. 
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Authority Having Jurisdiction.* The organization, office, or 
individual responsible for approving equipment, materials, an 
installation, or a procedure. 


Automatic Extinguishing System Supervisory Device. A 
device that responds to abnormal conditions that could affect 
the proper operation of an automatic sprinkler system or other 
fire extinguishing system(s) or suppression system(s), includ- 
ing, but not limited to, control valves; pressure levels; liquid 
agent levels and temperatures; pump power and running; 
engine temperature and overspeed; and room temperature. 


Automatic Fire Detector. A device designed to detect the pres- 
ence of a fire signature and to initiate action. For the purpose of 
this code, automatic fire detectors are classified as follows: Auto- 
matic Fire Extinguishing or Suppression System Operation 
Detector, Fire-Gas Detector, Heat Detector, Other Fire Detec- 
tors, Radiant Energy-Sensing Fire Detector, Smoke Detector. 


Automatic Fire Extinguishing or Suppression System Oper- 
ation Detector. A device that automatically detects the opera- 
tion of a fire extinguishing or suppression system by means 
appropriate to the system employed. 


Auxiliary Box. A fire alarm box that can be operated from 
one or more remote actuating devices. 


Auxiliary Fire Alarm System. A system connected to a 
municipal fire alarm system for transmitting an alarm of fire 
to the public fire service communications center. Fire alarms 
from an auxiliary fire alarm system are received at the public 
fire service communications center on the same equipment 
and by the same methods as alarms transmitted manually from 
municipal fire alarm boxes located on streets. 


Auxiliary Fire Alarm System, Local Energy Type. An auxil- 
iary system that employs a locally complete arrangement of 
parts, initiating devices, relays, power supply, and associated 
components to automatically trip a municipal transmitter or 
master box over electrical circuits that are electrically isolated 
from the municipal system circuits. 


Auxiliary Fire Alarm System, Parallel Telephone Type. An 
auxiliary system connected by a municipally controlled indi- 
vidual circuit to the protected property to interconnect the 
initiating devices at the protected premises and the municipal 
fire alarm switchboard. 

Auxiliary Fire Alarm System, Shunt Auxiliary Type. An aux- 
iliary system electrically connected to an integral part of the 
municipal alarm system extending the municipal circuit into 
the protected premises to interconnect the initiating devices, 
which, when operated, open the municipal circuit shunted 
around the trip coil of the municipal transmitter or master 
box. The municipal transmitter or master box is thereupon 
energized to start transmission without any assistance from a 
local source of power. 


Average Ambient Sound Level. The root mean square, A- 
weighted, sound pressure level measured over a 24-hour 
period. 


Box Battery. The battery supplying power for an individual 
fire alarm box where radio signals are used for the transmis- 
sion of box alarms. 

Carrier. High-frequency energy that can be modulated by 
voice or signaling impulses. 

Carrier System. A means of conveying a number of chan- 
nels over a single path by modulating each channel on a dif- 
ferent carrier frequency and demodulating at the receiving 
point to restore the signals to their original form. 
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Ceiling. The upper surface of a space, regardless of height. 
Areas with a suspended ceiling have two ceilings, one visible 
from the floor and one above the suspended ceiling. 


Ceiling Height. The height from the continuous floor of a 
room to the continuous ceiling of a room or space. 


Ceiling Surfaces, Beam Construction. Ceilings that have 
solid structural or solid nonstructural members projecting 
down from the ceiling surface more than 4 in. (100 mm) and 
spaced more than 3 ft (0.9 m), center to center. 


Ceiling Surfaces, Girder. A support for beams or joists that 
runs at right angles to the beams or joists. If the top of the 
girder is within 4 in. (100 mm) of the ceiling, the girder is a 
factor in determining the number of detectors and is to be 
considered a beam. If the top of the girder is more than 4 in. 
(100 mm) from the ceiling, the girder is not a factor in detec- 
tor location. 


Ceiling Surfaces, Solid Joist Construction. Ceilings that 
have solid structural or solid nonstructural members project- 
ing down from the ceiling surface for a distance of more than 
4 in. (100 mm) and spaced at intervals of 3 ft (0.9 m) or less, 
center to center. 


Central Station. A supervising station that is listed for cen- 
tral station service. 


Central Station Fire Alarm System. A system or group of sys- 
tems in which the operations of circuits and devices are trans- 
mitted automatically to, recorded in, maintained by, and 
supervised from a listed central station that has competent 
and experienced servers and operators who, upon receipt of a 
signal, take such action as required by this code. Such service 
is to be controlled and operated by a person, firm, or corpora- 
tion whose business is the furnishing, maintaining, or moni- 
toring of supervised fire alarm systems. 


Central Station Service. The use of a system or a group of 
systems in which the operations of circuits and devices at a pro- 
tected property are signaled to, recorded in, and supervised 
from a listed central station that has competent and experi- 
enced operators who, upon receipt of a signal, take such 
action as required by this code. Related activities at the pro- 
tected property, such as equipment installation, inspection, 
testing, maintenance, and runner service, are the responsibil- 
ity of the central station or a listed fire alarm service—local 
company. Central station service is controlled and operated by 
a person, firm, or corporation whose business is the furnishing 
of such contracted services or whose properties are the pro- 
tected premises. 


Certification. A systematic program that uses randomly 
selected follow-up inspections of the certified systems installed 
under the program that allows the listing organization to ver- 
ify that a fire alarm system complies with all the requirements 
of this code. A system installed under such a program is iden- 
tified by the issuance of a certificate and is designated as a cer- 
tificated system. 


Certification of Personnel.* A formal program of related 
instruction and testing as provided by a recognized organiza- 
tion or the authority having jurisdiction. 

Channel. A path for voice or signal transmission that uses 


modulation of light or alternating current within a frequency 
band. 


Circuit Interface. A circuit component that interfaces initi- 
ating devices or control circuits, or both; notification appli- 
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ances or circuits, or both; system control outputs; and other 
signaling line circuits to a signaling line circuit. 


Cloud Chamber Smoke Detection. The principle of using 
an air sample drawn from the protected area into a high- 
humidity chamber combined with a lowering of chamber pres- 
sure to create an environment in which the resultant moisture 
in the air condenses on any smoke particles present, forming 
a cloud. The cloud density is measured by a photoelectric 
principle. The density signal is processed and used to convey 
an alarm condition when it meets preset criteria. 


Code. A standard that is an extensive compilation of provi- 
sions covering broad subject matter or that is suitable for adop- 
tion into law independently of other codes and standards. 


Coded. An audible or visible signal that conveys several dis- 
crete bits or units of information. Notification signal examples 
are numbered strokes of an impact-type appliance and num- 
bered flashes of a visible appliance. 


Combination Detector. A device that either responds to 
more than one of the fire phenomenon or employs more than 
one operating principle to sense one of these phenomenon. 
Typical examples are a combination of a heat detector with a 
smoke detector or a combination rate-of-rise and fixed-tem- 
perature heat detector. 


Combination Fire Alarm and Guard’s Tour Box. A manu- 
ally operated box for separately transmitting a fire alarm sig- 
nal and a distinctive guard patrol tour supervisory signal. 


Combination System.* A fire alarm system in which compo- 
nents are used, in whole or in part, in common with a non-fire 
signaling system. 


Communications Channel. A circuit or path connecting a 
subsidiary station (s) to a supervising station (s) over which sig- 
nals are carried. 


Compatibility Listed. A specific listing process that applies 
only to two-wire devices, such as smoke detectors, that are 
designed to operate with certain control equipment. 


Compatible Equipment. Equipment that interfaces mech- 
anically or electrically as manufactured without field modifica- 
tion. 


Contiguous Property. A single-owner or single-user pro- 
tected premises on a continuous plot of ground, including any 
buildings thereon, that is not separated by a public thorough- 
fare, transportation right-of-way, property owned or used by 
others, or body of water not under the same ownership. 


Control Unit. A system component that monitors inputs 
and controls outputs through various types of circuits. 


Delinquency Signal. A signal indicating the need for action in 
connection with the supervision of guards or system attendants. 


Derived Channel. A signaling line circuit that uses the local 
leg of the public switched network as an active multiplex chan- 
nel while simultaneously allowing that leg’s use for normal 
telephone communications. 


Detector. A device suitable for connection to a circuit that 
has a sensor that responds to a physical stimulus such as heat 
or smoke. 


Digital Alarm Communicator Receiver (DACR). A system 
component that accepts and displays signals from digital 
alarm communicator transmitters (DACTs) sent over the pub- 
lic switched telephone network. 


Digital Alarm Communicator System (DACS). A system in 
which signals are transmitted from a digital alarm communi- 
cator transmitter (DACT) located at the protected premises 
through the public switched telephone network to a digital 
alarm communicator receiver (DACR). 


Digital Alarm Communicator Transmitter (DACT). A sys- 
tem component at the protected premises to which initiating 
devices or groups of devices are connected. The DACT seizes 
the connected telephone line, dials a preselected number to 
connect to a DACR, and transmits signals indicating a status 
change of the initiating device. 


Digital Alarm Radio Receiver (DARR). A system component 
composed of two subcomponents: one that receives and 
decodes radio signals, the other that annunciates the decoded 
data. These two subcomponents can be coresident at the cen- 
tral station or separated by means of a data transmission chan- 
nel. 


Digital Alarm Radio System (DARS). A system in which sig- 
nals are transmitted from a digital alarm radio transmitter 
(DART) located at a protected premises through a radio chan- 
nel to a digital alarm radio receiver (DARR). 


Digital Alarm Radio Transmitter (DART). A system compo- 
nent that is connected to or an integral part of a digital alarm 
communicator transmitter (DACT) that is used to provide an 
alternate radio transmission channel. 


Display. The visual representation of output data, other 
than printed copy. 


Double Doorway.* A single opening that has no interven- 
ing wall space or door trim separating the two doors. 


Double Dwelling Unit. A building consisting solely of two 
dwelling units. (See Dwelling Unit.) 


Dual Control. The use of two primary trunk facilities over 
separate routes or different methods to control one communi- 
cations channel. 


Dwelling Unit. One or more rooms for the permanent use 
of one or more persons as a space for eating, living, and sleep- 
ing, with permanent provisions for cooking and sanitation. 
For the purposes of this code, dwelling unit includes one- and 
two-family attached and detached dwellings, apartments, and 
condominiums but does not include hotel and motel rooms 
and guest suites, dormitories, or sleeping rooms in nursing 
homes. 


Electrical Conductivity Heat Detector. A line-type or spot- 
type sensing element in which resistance varies as a function 
of temperature. 


Ember.* A particle of solid material that emits radiant 
energy due either to its temperature or the process of combus- 
tion on its surface. (Refer to Spark.) 


Emergency Voice/Alarm Communications. Dedicated man- 
ual or automatic facilities for originating and distributing voice 
instructions, as well as alert and evacuation signals pertaining to 
a fire emergency, to the occupants of a building. 

Evacuation.* The withdrawal of occupants from a building. 


Evacuation Signal. Distinctive signal intended to be recog- 
nized by the occupants as requiring evacuation of the building. 


Exit Plan. A plan for the emergency evacuation of the 
premises. 
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Field of View. The solid cone that extends out from the 
detector within which the effective sensitivity of the detector is 
at least 50 percent of its on-axis, listed, or approved sensitivity. 


Fire Alarm Control Unit (Panel). A system component that 
receives inputs from automatic and manual fire alarm devices 
and might supply power to detection devices and to a tran- 
sponder(s) or off-premises transmitter(s). The control unit 
might also provide transfer of power to the notification applhi- 
ances and transfer of condition to relays or devices connected 
to the control unit. The fire alarm control unit can be a local 
fire alarm control unit or a master control unit. 


Fire Alarm/Evacuation Signal Tone Generator. A device 
that produces a fire alarm/evacuation tone upon command. 


Fire Alarm Signal. A signal initiated by a fire alarm-initiat- 
ing device such as a manual fire alarm box, automatic fire 
detector, waterflow switch, or other device in which activation 
is indicative of the presence of a fire or fire signature. 


Fire Alarm System. A system or portion of a combination 
system that consists of components and circuits arranged to 
monitor and annunciate the status of fire alarm or supervisory 
signal-initiating devices and to initiate the appropriate 
response to those signals. 


Fire Command Center. The principal attended or unat- 
tended location where the status of the detection, alarm com- 
munications, and control systems is displayed and from which 
the system(s) can be manually controlled. 


Fire-Gas Detector. A device that detects gases produced by 
a fire. 


Fire Rating. The classification indicating in time (hours) 
the ability of a structure or component to withstand a stan- 
dardized fire test. This classification does not necessarily 
reflect performance of rated components in an actual fire. 


Fire Safety Function Control Device. The fire alarm system 
component that directly interfaces with the control system 
that controls the fire safety function. 


Fire Safety Functions. Building and fire control functions 
that are intended to increase the level of life safety for occu- 
pants or to control the spread of the harmful effects of fire. 


Fire Warden. A building staff member or a tenant trained 
to perform assigned duties in the event of a fire emergency. 


Fixed-Temperature Detector.* A device that responds 
when its operating element becomes heated to a predeter- 
mined level. 


Flame. A body or stream of gaseous material involved in the 
combustion process and emitting radiant energy at specific 
wavelength bands determined by the combustion chemistry of 
the fuel. In most cases, some portion of the emitted radiant 
energy is visible to the human eye. 


Flame Detector.* A radiant energy-sensing fire detector 
that detects the radiant energy emitted by a flame. (Refer to 
A-2-4.2.) 


Flame Detector Sensitivity. The distance along the optical 
axis of the detector at which the detector can detect a fire of 
specified size and fuel within a given time frame. 


Gateway. A device that is used in the transmission of serial 
data (digital or analog) from the fire alarm control unit to 
other building system control units, equipment, or networks 
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and/or from other building system control units to the fire 
alarm control unit. 


Guard’s Tour Reporting Station. A device that is manually 
or automatically initiated to indicate the route being followed 
and the timing of a guard’s tour. 


Guard’s Tour Supervisory Signal. A supervisory signal mon- 
itoring the performance of guard patrols. 


Heat Alarm. A single or multiple station alarm responsive 
to heat. 


Heat Detector. A fire detector that detects either abnor- 
mally high temperature or rate of temperature rise, or both. 


Household Fire Alarm System. A system of devices that pro- 
duces an alarm signal in the household for the purpose of 
notifying the occupants of the presence of a fire so that they 
will evacuate the premises. 


Hunt Group. A group of associated telephone lines within 
which an incoming call is automatically routed to an idle (not 
busy) telephone line for completion. 


Initiating Device. A system component that originates 
transmission of a change-of-state condition, such as in a smoke 
detector, manual fire alarm box, or supervisory switch. 


Initiating Device Circuit. A circuit to which automatic or 
manual initiating devices are connected where the signal 
received does not identify the individual device operated. 


Intermediate Fire Alarm or Fire Supervisory Control 
Unit. A control unit used to provide area fire alarm or area 
fire supervisory service that, where connected to the propri- 
etary fire alarm system, becomes a part of that system. 


Ionization Smoke Detection.* The principle of using a small 
amount of radioactive material to ionize the air between two dif- 
ferentially charged electrodes to sense the presence of smoke 
particles. Smoke particles entering the ionization volume 
decrease the conductance of the air by reducing ion mobility. 
The reduced conductance signal is processed and used to con- 
vey an alarm condition when it meets preset criteria. 


Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an orga- 
nization that is acceptable to the authority having jurisdiction 
and concerned with product evaluation, that maintains peri- 
odic inspection of production of labeled equipment or mate- 
rials, and by whose labeling the manufacturer indicates 
compliance with appropriate standards or performance in a 
specified manner. 


Leg Facility. The portion of a communications channel 
that connects not more than one protected premises to a pri- 
mary or secondary trunk facility. The leg facility includes the 
portion of the signal transmission circuit from its point of con- 
nection with a trunk facility to the point where it is terminated 
within the protected premises at one or more transponders. 


Level Ceilings. Ceilings that are level or have a slope of less 
than or equal to 1 in 8. 


Life Safety Network. A type of combination system that 
transmits fire safety control data through gateways to other 
building system control units. 


Line-Type Detector. A device in which detection is contin- 
uous along a path. Typical examples are rate-of-rise pneumatic 
tubing detectors, projected beam smoke detectors, and heat- 
sensitive cable. 
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Listed.* Equipment, materials, or services included in a list 
published by an organization that is acceptable to the author- 
ity having jurisdiction and concerned with evaluation of prod- 
ucts or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic eval- 
uation of services, and whose listing states that either the 
equipment, material, or service meets appropriate designated 
standards or has been tested and found suitable for a specified 
purpose. 


Loading Capacity. The maximum number of discrete ele- 
ments of fire alarm systems permitted to be used in a particu- 
lar configuration. 


Loss of Power. The reduction of available voltage at the 
load below the point at which equipment can function as 
designed. 


Low-Power Radio Transmitter. Any device that communi- 
cates with associated control/receiving equipment by low- 
power radio signals. 


Maintenance. Repair service, including periodic inspec- 
tions and tests, required to keep the fire alarm system and its 
component parts in an operative condition at all times, and 
the replacement of the system or its components when they 
become undependable or inoperable for any reason. 


Manual Fire Alarm Box. A manually operated device used 
to initiate an alarm signal. 


Master Box. A municipal fire alarm box that can also be 
operated by remote means. 


Master Control Unit (Panel). A control unit that serves the 
protected premises or portion of the protected premises as a 
local control unit and accepts inputs from other fire alarm 
control units. 


Multiple Dwelling Unit. A building containing three or 
more dwelling units. (See Dwelling Unit.) 


Multiple Station Alarm. A single station alarm capable of 
being interconnected to one or more additional alarms so that 
the actuation of one causes the appropriate alarm signal to 
operate in all interconnected alarms. 


Multiple Station Alarm Device. Two or more single station 
alarm devices that can be interconnected so that actuation of 
one causes all integral or separate audible alarms to operate; 
or one single station alarm device having connections to other 
detectors or to a manual fire alarm box. 


Multiplexing. A signaling method characterized by simulta- 
neous or sequential transmission, or both, and reception of 
multiple signals on a signaling line circuit, a transmission 
channel, or a communications channel, including means for 
positively identifying each signal. 


Municipal Fire Alarm Box (Street Box). An enclosure hous- 
ing a manually operated transmitter used to send an alarm to 
the public fire service communications center. 


Municipal Fire Alarm System. A system of alarm-initiating 
devices, receiving equipment, and connecting circuits (other 
than a public telephone network) used to transmit alarms 
from street locations to the public fire service communica- 
tions center. 


Municipal Transmitter. A transmitter that can only be 
tripped remotely that is used to send an alarm to the public 
fire service communications center. 


Noncoded Signal. An audible or visible signal conveying 
one discrete bit of information. 


Noncontiguous Property. An owner- or user-protected pre- 
mises where two or more protected premises, controlled by 
the same owner or user, are separated by a public thorough- 
fare, body of water, transportation right-of-way, or property 
owned or used by others. 


Nonrequired System. A supplementary fire alarm system 
component or group of components that is installed at the 
option of the owner, and is not installed due to a building or 
fire code requirement. 


Nonrestorable Initiating Device. A device in which the 
sensing element is designed to be destroyed in the process of 
operation. 


Notification Appliance. A fire alarm system component 
such as a bell, horn, speaker, light, or text display that provides 
audible, tactile, or visible outputs, or any combination thereof. 


Notification Appliance Circuit. A circuit or path directly 
connected to a notification appliance (s). 


Notification Zone. An area covered by notification appli- 
ances that are activated simultaneously. 


Nuisance Alarm. Any alarm caused by mechanical failure, 
malfunction, improper installation, or lack of proper main- 
tenance, or any alarm activated by a cause that cannot be 
determined. 


Off-Hook. To make connection with the public-switched 
telephone network in preparation for dialing a telephone 
number. 


On-Hook. To disconnect from the public-switched tele- 
phone network. 


Open Area Detection (Protection). Protection of an area 
such as a room or space with detectors to provide early warn- 
ing of fire. 


Operating Mode, Private. Audible or visible signaling only 
to those persons directly concerned with the implementation 
and direction of emergency action initiation and procedure in 
the area protected by the fire alarm system. 


Operating Mode, Public. Audible or visible signaling to 
occupants or inhabitants of the area protected by the fire 
alarm system. 


Operating System Software. The basic operating system 
software that can be altered only by the equipment manufac- 
turer or its authorized representative. Operating system soft- 
ware is sometimes referred to as firmware, BIOS, or executive 


program. 


Other Fire Detectors. Devices that detect a phenomenon 
other than heat, smoke, flame, or gases produced by a fire. 


Ownership. Any property or building or its contents under 
legal control by the occupant, by contract, or by holding of a 
title or deed. 


Paging System. A system intended to page one or more per- 
sons by such means as voice over loudspeaker, coded audible 
signals or visible signals, or lamp annunciators. 


Parallel Telephone System. A telephone system in which an 
individually wired circuit is used for each fire alarm box. 
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Path (Pathways). Any conductor, optic fiber, radio carrier, 
or other means for transmitting fire alarm system information 
between two or more locations. 


Permanent Visual Record (Recording). An immediately 
readable, not easily alterable, print, slash, or punch record of 
all occurrences of status change. 


Photoelectric Light Obscuration Smoke Detection.* The 
principle of using a light source and a photosensitive sensor 
onto which the principal portion of the source emissions is 
focused. When smoke particles enter the light path, some of 
the light is scattered and some is absorbed, thereby reducing 
the light reaching the receiving sensor. The light reduction 
signal is processed and used to convey an alarm condition 
when it meets preset criteria. 


Photoelectric Light-Scattering Smoke Detection.* The 
principle of using a light source and a photosensitive sensor 
arranged so that the rays from the light source do not nor- 
mally fall onto the photosensitive sensor. When smoke parti- 
cles enter the light path, some of the light is scattered by 
reflection and refraction onto the sensor. The light signal is 
processed and used to convey an alarm condition when it 
meets preset criteria. 


Placarded. A means to signify that the fire alarm system of 
a particular facility is receiving central station service in accor- 
dance with this code by a listed central station or listed fire 
alarm service—local company that is part of a systematic follow- 
up program under the control of an independent third party 
listing organization. 

Plant. One or more buildings under the same ownership or 
control on a single property. 


Pneumatic Rate-of-Rise Tubing Heat Detector. A line-type 
detector comprising small-diameter tubing, usually copper, 
that is installed on the ceiling or high on the walls throughout 
the protected area. The tubing is terminated in a detector 
unit containing diaphragms and associated contacts set to 
actuate at a predetermined pressure. The system is sealed 
except for calibrated vents that compensate for normal 
changes in temperature. 


Positive Alarm Sequence. An automatic sequence that 
results in an alarm signal, even when manually delayed for 
investigation, unless the system is reset. 


Power Supply. A source of electrical operating power, 
including the circuits and terminations connecting it to the 
dependent system components. 


Primary Battery (Dry Cell). A nonrechargeable battery 
requiring periodic replacement. 


Primary Trunk Facility. That part of a transmission channel 
connecting all leg facilities to a supervising or subsidiary station. 
Prime Contractor. The one company contractually responsi- 
ble for providing central station services to a subscriber as 
required by this code. The prime contractor can be either a 
listed central station or a listed fire alarm service-local company. 


Private Radio Signaling. A radio system under control of 
the proprietary supervising station. 


Projected Beam—Type Detector. A type of photoelectric 
light obscuration smoke detector wherein the beam spans the 
protected area. 


Proprietary Supervising Station. A location to which alarm 
or supervisory signaling devices on proprietary fire alarm sys- 
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tems are connected and where personnel are in attendance at 
all times to supervise operation and investigate signals. 


Proprietary Supervising Station Fire Alarm System. An 
installation of fire alarm systems that serves contiguous and 
noncontiguous properties, under one ownership, from a 
proprietary supervising station located at the protected prop- 
erty, at which trained, competent personnel are in constant 
attendance. This includes the proprietary supervising sta- 
tion; power supplies; signal-initiating devices; initiating 
device circuits; signal notification appliances; equipment for 
the automatic, permanent visual recording of signals; and 
equipment for initiating the operation of emergency build- 
ing control services. 


Protected Premises. The physical location protected by a 
fire alarm system. 


Protected Premises (Local) Control Unit (Panel). A control 
unit that serves the protected premises or a portion of the pro- 
tected premises and indicates the alarm via notification appli- 
ances inside the protected premises. 


Protected Premises (Local) Fire Alarm System. A protected 
premises system that sounds an alarm at the protected pre- 
mises as the result of the manual operation of a fire alarm box 
or the operation of protection equipment or systems, such as 
water flowing in a sprinkler system, the discharge of carbon 
dioxide, the detection of smoke, or the detection of heat. 


Public Fire Alarm Reporting System. A system of fire alarm 
initiating devices, receiving equipment, and connecting cir- 
cuits used to transmit alarms from street locations to the com- 
munications center. 


Public Fire Alarm Reporting System, Type A. A system in 
which an alarm from a fire alarm box is received and is retrans- 
mitted to fire stations either manually or automatically. 


Public Fire Alarm Reporting System, Type B. A system in 
which an alarm from a fire alarm box is automatically transmit- 
ted to fire stations and, if used, is transmitted to supplemen- 
tary alerting devices. 


Public Fire Service Communications Center. The building 
or portion of the building used to house the central operating 
part of the fire alarm system; usually the place where the nec- 
essary testing, switching, receiving, transmitting, and power 
supply devices are located. 


Public Switched Telephone Network. An assembly of com- 
munications facilities and central office equipment operated 
jointly by authorized common carriers that provides the gen- 
eral public with the ability to establish communications chan- 
nels via discrete dialing codes. 


Radiant Energy-Sensing Fire Detector. A device that 
detects radiant energy (such as ultraviolet, visible, or infrared) 
that is emitted as a product of combustion reaction and obeys 
the laws of optics. 


Radio Alarm Repeater Station Receiver (RARSR). A system 
component that receives radio signals and resides at a 
repeater station that is located at a remote receiving location. 


Radio Alarm Supervising Station Receiver (RASSR). A sys- 
tem component that receives data and annunciates that data 
at the supervising station. 


Radio Alarm System (RAS). A system in which signals are 
transmitted from a radio alarm transmitter (RAT) located ata 
protected premises through a radio channel to two or more 
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radio alarm repeater station receivers (RARSR) and that are 
annunciated by a radio alarm supervising station receiver 
(RASSR) located at the central station. 


Radio Alarm Transmitter (RAT). A system component at 
the protected premises to which initiating devices or groups of 
devices are connected that transmits signals indicating a status 
change of the initiating devices. 


Radio Channel.* A band of frequencies of a width suffi- 
cient to allow its use for radio communications. 


Rate Compensation Detector.* A device that responds 
when the temperature of the air surrounding the device 
reaches a predetermined level, regardless of the rate of tem- 
perature rise. 


Rate-of-Rise Detector.* A device that responds when the 
temperature rises at a rate exceeding a predetermined value. 


Rate-of-Rise Pneumatic Tubing Heat Detector. A line-type 
detector consisting of small-diameter tubing and a detector 
unit that actuates at a predetermined pressure. The system is 
sealed except for calibrated vents that compensate for changes 
in ambient temperature. 


Record Drawings. Drawings (as-built) that document the 
location of all devices, appliances, wiring sequences, wiring 
methods, and connections of the components of the fire 
alarm system as installed. 


Record of Completion. A document that acknowledges the 
features of installation, operation (performance), service, and 
equipment with representation by the property owner, system 
installer, system supplier, service organization, and the 
authority having jurisdiction. 

Relocation. The movement of occupants from a fire zone 
to a safe area within the same building. 


Remote Supervising Station Fire Alarm System. A system 
installed in accordance with this code to transmit alarm, 
supervisory, and trouble signals from one or more protected 
premises to a remote location where appropriate action is 
taken. 


Repeater Station. The location of the equipment needed 
to relay signals between supervising stations, subsidiary sta- 
tions, and protected premises. 


Reset. A control function that attempts to return a system 
or device to its normal, non-alarm state. 


Restorable Initiating Device. A device in which the sensing 
element is not ordinarily destroyed in the process of opera- 
tion, whose restoration can be manual or automatic. 


Runner. A person other than the required number of oper- 
ators on duty at central, supervising, or runner stations (or 
otherwise in contact with these stations) available for prompt 
dispatching, when necessary, to the protected premises. 


Runner Service. The service provided by a runner at the 
protected premises, including resetting and silencing of all 
equipment transmitting fire alarm or supervisory signals to an 
off-premises location. 


Satellite Trunk. A circuit or path connecting a satellite to its 
central or proprietary supervising station. 


Scanner. Equipment located at the telephone company 
wire center that monitors each local leg and relays status 
changes to the alarm center. Processors and associated equip- 
ment might also be included. 


Secondary Trunk Facility. That part of a transmission chan- 
nel connecting two or more, but fewer than all, leg facilities to 
a primary trunk facility. 


Separate Sleeping Area. An area of the family living unit in 
which the bedrooms (or sleeping rooms) are located. Bed- 
rooms (or sleeping rooms) separated by other use areas, such 
as kitchens or living rooms (but not bathrooms), are consid- 
ered as separate sleeping areas. 


Shall. Indicates a mandatory requirement. 


Shapes of Ceilings. The shapes of ceilings can be classified 
as sloping or smooth. 


Should. Indicates a recommendation or that which is 
advised but not required. 


Signal. A status indication communicated by electrical or 
other means. 


Signal Transmission Sequence. A DACT that obtains dial 
tone, dials the number(s) of the DACR, obtains verification 
that the DACR is ready to receive signals, transmits the signals, 
and receives acknowledgment that the DACR has accepted 
that signal before disconnecting (going on-hook). 


Signaling Line Circuit. A circuit or path between any com- 
bination of circuit interfaces, control units, or transmitters 
over which multiple system input signals or output signals, or 
both, are carried. 


Signaling Line Circuit Interface. A system component that 
connects a signaling line circuit to any combination of initiat- 
ing devices, initiating device circuits, notification appliances, 
notification appliance circuits, system control outputs, and 
other signaling line circuits. 


Single Dwelling Unit. A building consisting solely of one 
dwelling unit. (See Dwelling Unit.) 


Single Station Alarm. A detector comprising an assembly 
that incorporates a sensor, control components, and an alarm 
notification appliance in one unit operated from a power 
source either located in the unit or obtained at the point of 
installation. 


Single Station Alarm Device. An assembly that incorporates 
the detector, the control equipment, and the alarm-sounding 
device in one unit operated from a power supply either in the 
unit or obtained at the point of installation. 


Site-Specific Software. Software that defines the specific 
operation and configuration of a particular system. Typically, 
it defines the type and quantity of hardware modules, custom- 
ized labels, and specific operating features of a system. 


Sloping Ceiling. A ceiling that has a slope of more than 1 
in 8. 

Sloping Peaked-Type Ceiling.* A ceiling in which the ceil- 
ing slopes in two directions from the highest point. Curved or 
domed ceilings can be considered peaked with the slope fig- 
ured as the slope of the chord from highest to lowest point. 

Sloping Shed-Type Ceiling.* A ceiling in which the high 
point is at one side with the slope extending toward the oppo- 
site side. 


Smoke Alarm. A single or multiple station alarm responsive 
to smoke. 


Smoke Detector. A device that detects visible or invisible 
particles of combustion. 
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Smooth Ceiling.* A ceiling surface uninterrupted by contin- 
uous projections, such as solid joists, beams, or ducts, extending 
more than 4 in. (100 mm) below the ceiling surface. 


Spacing. A horizontally measured dimension related to the 
allowable coverage of fire detectors. 


Spark.* A moving ember. 


Spark/Ember Detector. A radiant energy-sensing fire 
detector that is designed to detect sparks or embers, or both. 
These devices are normally intended to operate in dark envi- 
ronments and in the infrared part of the spectrum. 


Spark/Ember Detector Sensitivity. The number of watts 
(or the fraction of a watt) of radiant power from a point source 
radiator, applied as a unit step signal at the wavelength of max- 
imum detector sensitivity, necessary to produce an alarm sig- 
nal from the detector within the specified response time. 


Spot-Type Detector. A device in which the detecting ele- 
ment is concentrated at a particular location. Typical exam- 
ples are bimetallic detectors, fusible alloy detectors, certain 
pneumatic rate-of-rise detectors, certain smoke detectors, and 
thermoelectric detectors. 


Story. The portion of a building included between the 
upper surface of a floor and the upper surface of the floor or 
roof next above. 


Stratification. The phenomenon where the upward move- 
ment of smoke and gases ceases due to the loss of buoyancy. 


Subscriber. The recipient of a contractual supervising sta- 
tion signal service(s). In case of multiple, noncontiguous 
properties having single ownership, the term refers to each 
protected premises or its local management. 


Subsidiary Station. A subsidiary station is a normally unat- 
tended location that is remote from the supervising station 
and is linked by a communications channel(s) to the super- 
vising station. Interconnection of signals on one or more 
transmission channels from protected premises with a com- 
munications channel(s) to the supervising station is per- 
formed at this location. 


Supervising Station. A facility that receives signals and at 
which personnel are in attendance at all times to respond to 
these signals. 


Supervisory Service. The service required to monitor per- 
formance of guard tours and the operative condition of fixed 
suppression systems or other systems for the protection of life 
and property. 


Supervisory Signal. A signal indicating the need for action 
in connection with the supervision of guard tours, the fire sup- 
pression systems or equipment, or the maintenance features 
of related systems. 


Supervisory Signal Initiating Device. An initiating device 
such as a valve supervisory switch, water level indicator, or low 
air pressure switch on a dry-pipe sprinkler system in which the 
change of state signals an off-normal condition and its restora- 
tion to normal of a fire protection or life safety system; or a 
need for action in connection with guard tours, fire suppres- 
sion systems or equipment, or maintenance features of related 
systems. 


Supplementary. As used in this code, supplementary refers 
to equipment or operations not required by this code and des- 
ignated as such by the authority having jurisdiction. 
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Switched Telephone Network. An assembly of communica- 
tions facilities and central office equipment operated jointly 
by authorized service providers that provides the general pub- 
lic with the ability to establish transmission channels via dis- 
crete dialing. 


System Unit. The active subassemblies at the central station 
used for signal receiving, processing, display, or recording of 
status change signals; a failure of one of these subassemblies 
causes the loss of a number of alarm signals by that unit. 


Tactile Notification Appliance. A notification appliance 
that alerts by the sense of touch or vibration. 


Textual Audible Notification Appliance. A notification 
appliance that conveys a stream of audible information. An 
example of a textual audible notification appliance is a 
speaker that reproduces a voice message. 


Textual Visible Notification Appliance. A notification 
appliance that conveys a stream of visible information that dis- 
plays an alphanumeric or pictorial message. Textual visible 
notification appliances provide temporary text, permanent 
text, or symbols. Textual visible notification appliances 
include, but are not limited to, annunciators, monitors, CRTs, 
displays, and printers. 


Transmission Channel. A circuit or path connecting trans- 
mitters to supervising stations or subsidiary stations on which 
signals are carried. 


Transmitter. A system component that provides an inter- 
face between signaling line circuits, initiating device circuits, 
or control units and the transmission channel. 


Transponder. A multiplex alarm transmission system func- 
tional assembly located at the protected premises. 


Trouble Signal. A signal initiated by the fire alarm system or 
device indicative of a fault in a monitored circuit or component. 


Visible Notification Appliance. A notification appliance 
that alerts by the sense of sight. 


Voice Intelligibility.* Audible voice information that is dis- 
tinguishable and understandable. 


WATS (Wide Area Telephone Service). Telephone com- 
pany service allowing reduced costs for certain telephone call 
arrangements. In-WATS or 800-number service calls can be 
placed from anywhere in the continental United States to the 
called party at no cost to the calling party. Out-WATS is a ser- 
vice whereby, for a flat-rate charge, dependent on the total 
duration of all such calls, a subscriber can make an unlimited 
number of calls within a prescribed area from a particular tele- 
phone terminal without the registration of individual call 
charges. 


Wavelength.* The distance between the peaks of a sinusoi- 
dal wave. All radiant energy can be described as a wave having 
a wavelength. Wavelength serves as the unit of measure for dis- 
tinguishing between different parts of the spectrum. Wave- 
lengths are measured in microns (uM), nanometers (nM), or 
angstroms (A). 


Wireless Control Panel. A component that transmits/ 
receives and processes wireless signals. 


Wireless Protection System. A system or a part of a system 
that can transmit and receive signals without the aid of wire. It 
can consist of either a wireless control panel or a wireless 
repeater. 
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Wireless Repeater. A component used to relay signals 
between wireless receivers or wireless control panels, or both. 


Zone. A defined area within the protected premises. A zone 
can define an area from which a signal can be received, an 
area to which a signal can be sent, or an area in which a form 
of control can be executed. 


1-5 Fundamentals. 


1-5.1 Common System Fundamentals. The 
Chapter 1 shall apply to Chapters 2 through 7. 


provisions of 


1-5.1.1 General. The provisions of Chapter | shall cover the 
basic functions of a complete fire alarm system. These systems 
shall be primarily intended to provide notification of fire 
alarm, supervisory, and trouble conditions; to alert the occu- 
pants; to summon appropriate aid; and to control fire safety 
functions. 


1-5.1.2 Equipment. Equipment constructed and installed in 
conformity with this code shall be listed for the purpose for 
which it is used. 


1-5.1.3* System Design. Fire alarm system plans and specifi- 
cations shall be developed in accordance with this code by per- 
sons who are experienced in the proper design, application, 
installation, and testing of fire alarm systems. The system 
designer shall be identified on the system design documents. 
Evidence of qualifications shall be provided when requested 
by the authority having jurisdiction. 


1-5.1.4 System Installation. Installation personnel shall be 
supervised by persons who are qualified and experienced in 
the installation, inspection, and testing of fire alarm systems. 
Examples of qualified personnel shall include, but not be lim- 
ited to, the following: 


(1) Factory trained and certified personnel 

(2) National Institute of Certification in Engineering Tech- 
nologies (NICET) fire alarm level II certified personnel 

(3) Personnel licensed or certified by state or local authority 


1-5.2 Power Supplies. 


1-5.2.1 Scope. The provisions of this section apply to power 
supplies used for fire alarm systems. 


1-5.2.2 Code Conformance. All power supplies shall be 
installed in conformity with the requirements of NFPA 70, 
National Electrical Code, for such equipment and with the 
requirements indicated in this subsection. 


1-5.2.3* Power Sources. Fire alarm systems shall be provided 
with at least two independent and reliable power supplies, one 
primary and one secondary (standby), each of which shall be 
of adequate capacity for the application. 


Exception No. 1: Where the primary power is supplied by a dedicated 
branch circuit of an emergency system in accordance with NFPA 70, 
National Electrical Code, Article 700, or a legally required standby sys- 
tem in accordance with NFPA 70, National Electrical Code, Article 
701, a secondary supply shall not be required. 

Exception No. 2: Where the primary power is supplied by a dedicated 
branch circuat of an optional standby system in accordance with NFPA 
70, National Electrical Code, Article 702, which also meets the perfor- 
mance requirements of Article 700 or Article 701, a secondary supply 
shall not be required. 


Where dc voltages are employed, they shall be limited to no 
more than 350 volts above earth ground. 


1-5.2.4 Primary Supply. The primary supply shall have a high 
degree of reliability, shall have adequate capacity for the 
intended service, and shall consist of one of the following: 


(1) Light and power service arranged in accordance with 
1-5.2.5 

(2) Where a person specifically trained in its operation is on 
duty at all times, an engine-driven generator or equiva- 
lent arranged in accordance with 1-5.2.10 


1-5.2.5 Light and Power Service. 


1-5.2.5.1 A light and power service employed to operate the 
system under normal conditions shall have a high degree of 
reliability and capacity for the intended service. This service 
shall consist of one of the following: 


(a) Two-Wire Supplies. A two-wire supply circuit shall be per- 
mitted to be used for either the primary operating power supply 
or the trouble signal power supply of the signaling system. 

(b) Three-Wire Supplies. A three-wire ac or dc supply circuit 
having a continuous unfused neutral conductor, or a polyphase 
ac supply circuit having a continuous unfused neutral conduc- 
tor where interruption of one phase does not prevent operation 
of the other phase, shall be permitted to be used with one side 
or phase for the primary operating power supply and the other 
side or phase for the trouble signal power supply of the fire 
alarm system. 


1-5.2.5.2 Connections to the light and power service shall be 
on a dedicated branch circuit(s). The circuit(s) and connec- 
tions shall be mechanically protected. Circuit disconnecting 
means shall have a red marking, shall be accessible only to 
authorized personnel, and shall be identified as FIRE ALARM 
CIRCUIT CONTROL. The location of the circuit disconnect- 
ing means shall be permanently identified at the fire alarm 
control unit. 


1-5.2.5.3 Overcurrent Protection. An overcurrent protective 
device of suitable current-carrying capacity and capable of 
interrupting the maximum short-circuit current to which it 
may be subject shall be provided in each ungrounded conduc- 
tor. The overcurrent protective device shall be enclosed in a 
locked or sealed cabinet located immediately adjacent to the 
point of connection to the light and power conductors. 


1-5.2.5.4 Circuit breakers or engine stops shall not be 
installed in such a manner as to cut off the power for lighting 
or for operating elevators. 


1-5.2.6 Secondary Supply Capacity and Sources. The sec- 
ondary supply shall automatically supply the energy to the sys- 
tem within 30 seconds, and without loss of signals, wherever 
the primary supply is incapable of providing the minimum 
voltage required for proper operation. The secondary 
(standby) power supply shall supply energy to the system in 
the event of total failure of the primary (main) power supply 
or when the primary voltage drops to a level insufficient to 
maintain functionality of the control equipment and system 
components. Under maximum quiescent load (system func- 
tioning in a non-alarm condition), the secondary supply shall 
have sufficient capacity to operate a protected premises, cen- 
tral station, or proprietary system for 24 hours, or an auxiliary 
or remote station system for 60 hours; and, at the end of that 
period, shall be capable of operating all alarm notification 
appliances used for evacuation or to direct aid to the location 
of an emergency for 5 minutes. The secondary power supply 
for emergency voice/alarm communications service shall be 
capable of operating the system under maximum quiescent 
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load for 24 hours and then shall be capable of operating the 
system during a fire or other emergency condition for a 
period of 2 hours. Fifteen minutes of evacuation alarm opera- 
tion at maximum connected load shall be considered the 
equivalent of 2 hours of emergency operation. 

For a combination system, the secondary supply capacity 
required above shall include the load of any non-fire related 
equipment, functions, or features which are not automatically 
disconnected upon transfer of operating power to the second- 
ary supply. 

The secondary supply shall consist of one of the following: 

(a) A storage battery arranged in accordance with 1-5.2.9. 

(b) An automatic starting, engine-driven generator 
arranged in accordance with 1-5.2.10 and storage batteries 
with 4 hours of capacity arranged in accordance with 1-5.2.9. 

(c) Multiple engine-driven generators, one of which is 
arranged for automatic starting, arranged in accordance with 
1-5.2.10, and capable of supplying the energy required herein, 
with the largest generator out of service. The second genera- 
tor shall be permitted to be started by pushbutton. 

Operation on secondary power shall not affect the 
required performance of a fire alarm system. The system shall 
produce the same alarm, supervisory, and trouble signals and 
indications (excluding the ac power indicator) when operat- 
ing from the standby power source as are produced when the 
unit is operating from the primary power source. 


1-5.2.7 Continuity of Power Supplies. 


(a) Where signals could be lost on transfer of power 
between the primary and secondary sources, rechargeable bat- 
teries of sufficient capacity to operate the system under maxi- 
mum normal load for 15 minutes shall assume the load in such 
a manner that no signals are lost where either of the following 
conditions exists: 


(1) Secondary power is supplied in accordance with 1-5.2.6(a) 
or 1-5.2.6(b), and the transfer is made manually 
(2) Secondary power is supplied in accordance with 1-5.2.6(c) 
(b) Where signals will not be lost due to transfer of power 
between the primary and secondary sources, one of the follow- 
ing arrangements shall be made: 


(1) The transfer shall be automatic. 
(2) Special provisions shall be made to allow manual transfer 
within 30 seconds of loss of power. 

(3) The transfer shall be arranged in accordance with 1-5.2.6(a). 
(c) *Where a computer system of any kind or size is used 

to receive or process signals, an uninterruptible power supply 

(UPS) with sufficient capacity to operate the system for at least 

15 minutes, or until the secondary supply is capable of supply- 

ing the UPS input power requirements, shall be required 

where either of the following conditions apply: 


(1) The status of signals previously received will be lost upon 
loss of power. 
(2) The computer system cannot be restored to full opera- 
tion within 30 seconds of loss of power. 
(d) *A positive means for disconnecting the input and out- 
put of the UPS system while maintaining continuity of power 
supply to the load shall be provided. 


1-5.2.8 Power Supply for Remotely Located Control 
Equipment. 


1-5.2.8.1 Additional power supplies, where provided for con- 
trol units, circuit interfaces, or other equipment essential to 
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system operation, located remote from the main control unit, 
shall be comprised of a primary and secondary power supply 
that shall meet the same requirements as those of 1-5.2.1 
through 1-5.2.8 and 1-5.8.6. 


1-5.2.8.2 Power supervisory devices shall be arranged so as not 
to impair the receipt of fire alarm or supervisory signals. 


1-5.2.9* Storage Batteries. 


1-5.2.9.1 Location. Storage batteries shall be located so that 
the fire alarm equipment, including overcurrent devices, are 
not adversely affected by battery gases and shall conform to 
the requirements of NFPA 70, National Electrical Code, Article 
480. Cells shall be suitably insulated against grounds and 
crosses and shall be mounted securely in such a manner so as 
not to be subject to mechanical injury. Racks shall be suitably 
protected against deterioration. If not located in or adjacent 
to the fire alarm control panel, the batteries and their charger 
location shall be permanently identified at the fire alarm con- 
trol unit. 


1-5.2.9.2 Battery Charging. 


1-5.2.9.2.1 Adequate facilities shall be provided to automati- 
cally maintain the battery fully charged under all conditions of 
normal operation and, in addition, to recharge batteries 
within 48 hours after fully charged batteries have been subject 
to a single discharge cycle as specified in 1-5.2.5.3. Upon 
attaining a fully charged condition, the charge rate shall not 
be so excessive as to result in battery damage. 


1-5.2.9.2.2 Supervising stations shall maintain spare parts or 
units available, which shall be used to restore failed charging 
capacity prior to the consumption of one-half of the capacity 
of the batteries for the supervising station equipment. 


1-5.2.9.2.3* Batteries shall be either trickle- or float-charged. 


1-5.2.9.2.4 A rectifier employed as a battery charging supply 
source shall be of adequate capacity. A rectifier employed as a 
charging means shall be energized by an isolating trans- 
former. 


1-5.2.9.3 Overcurrent Protection. The batteries shall be pro- 
tected against excessive load current by overcurrent devices 
having a rating not less than 150 percent and not more than 
250 percent of the maximum operating load in the alarm 
condition. The batteries shall be protected from excessive 
charging current by overcurrent devices or by automatic cur- 
rent-limiting design of the charging source. 


1-5.2.9.4 Metering. The charging equipment shall provide 
either integral meters or readily accessible terminal facilities 
for the connection of portable meters by which the battery 
voltage and charging current can be determined. 


1-5.2.9.5 Charger Supervision. Supervision means appropri- 
ate for the batteries and charger employed shall be provided 
to detect a failure of battery charging and initiate a trouble sig- 
nal in accordance with 1-5.4.6. 


1-5.2.10 Engine-Driven Generator. 


1-5.2.10.1 Installation. The installation of engine-driven gen- 
erators shall conform to the provisions of NFPA 110, Standard 
for Emergency and Standby Power Systems. 


Exception: Where restricted by the provisions of 1-5.2. 


1-5.2.10.2 Capacity. The unit shall be of a capacity that is suf- 
ficient to operate the system under the maximum normal load 
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conditions in addition to all other demands placed upon the 
unit, such as those of emergency lighting. 


1-5.2.10.3 Fuel. 


1-5.2.10.3.1 Fuel shall be stored in outside underground 
tanks wherever possible, and gravity feed shall not be used. If 
gasoline-driven generators are used, fuel shall be supplied 
from a frequently replenished “working” tank, or other means 
provided, to ensure that the gasoline is always fresh because 
gasoline deteriorates with age. 


1-5.2.10.3.2 Sufficient fuel shall be available in storage for 6 
months of testing plus the capacity specified in 1-5.2.5. For 
public fire alarm reporting systems, the requirements of Chap- 
ter 6 shall apply. 


Exception No. 1: If a reliable source of supply is available at any time 
on a 2-hour notice, sufficient fuel shall be in storage for 12 hours of 
operation at full load. 


Exception No. 2: Fuel systems using natural or manufactured gas 
supplied through reliable utility mains shall not be required to have 
fuel storage tanks unless located in seismic risk zone 3 or greater as de- 
fined in ANSI A-58.1, Building Code Requirements for Minimum De- 
sign Loads in Buildings and Other Structures. 


1-5.2.10.4 Battery and Charger. A separate storage battery 
and separate automatic charger shall be provided for starting 
the engine-driven generator and shall not be used for any 
other purpose. 


1-5.3 Compatibility. All fire detection devices that receive 
their power from the initiating device circuit or signaling line 
circuit of a fire alarm control unit shall be listed for use with 
the control unit. 


1-5.4 System Functions. 
1-5.4.1 Protected Premises Fire Safety Functions. 


1-5.4.1.1 Fire safety functions shall be permitted to be per- 
formed automatically. The performance of automatic fire 
safety functions shall not interfere with power for lighting or 
for operating elevators. The performance of automatic fire 
safety functions shall not preclude the combination of fire 
alarm services with other services requiring monitoring of 
operations. 


1-5.4.1.2* The time delay between the activation of an initiat- 
ing device and the automatic activation of a local fire safety 
function shall not exceed 20 seconds. 

Effective on January 1, 2002, the time delay between the 
activation of an initiating device and the automatic activation 
of a local fire safety function shall not exceed 10 seconds. 


1-5.4.2 Alarm Signals. 


1-5.4.2.1* Coded Alarm Signals. A coded alarm signal shall 
consist of not less than three complete rounds of the number 
transmitted. Each round shall consist of not less than three 
impulses. 


1-5.4.2.2* Actuation of alarm notification appliances or emer- 
gency voice communications and annunciation at the pro- 
tected premises shall occur within 20 seconds after the 
activation of an initiating device. 

Effective on January 1, 2002, actuation of alarm notifica- 
tion appliances or emergency voice communications and 
annunciation at the protected premises shall occur within 10 
seconds after the activation of an initiating device. 


1-5.4.3 Supervisory Signals. 


1-5.4.3.1 Coded Supervisory Signal. A coded supervisory sig- 
nal shall be permitted to consist of two rounds of the number 
transmitted to indicate a supervisory off-normal condition, 
and one round of the number transmitted to indicate the res- 
toration of the supervisory condition to normal. 


1-5.4.3.2 Combined Coded Alarm and Supervisory Signal 
Circuits. 


1-5.4.3.2.1 Where both coded sprinkler supervisory signals 
and coded fire or waterflow alarm signals are transmitted over 
the same signaling line circuit, provision shall be made either 
to obtain alarm signal precedence or sufficient repetition of 
the alarm signal to prevent the loss of an alarm signal. 


1-5.4.3.2.2 Visible and audible supervisory signals and visible 
indication of their restoration to normal shall be indicated 
within 90 seconds at the following locations: 


(1) Control unit (central equipment) for local fire alarm sys- 
tems 

(2) Building fire command center for emergency voice/ 
alarm communications systems 

(3) Supervising station location for systems installed in com- 
pliance with Chapter 5 


1-5.4.4 Distinctive Signals. Fire alarms, supervisory signals, 
and trouble signals shall be distinctively and descriptively 
annunciated. 


1-5.4.5 Fire Safety Function Status Indicators. 


1-5.4.5.1 All controls provided specifically for the purpose of 
manually overriding any automatic fire safety function shall 
provide visible indication of the status of the associated con- 
trol circuits. 


1-5.4.5.2* Where status indicators are provided for emer- 
gency equipment or fire safety functions, they shall be 
arranged to reflect the actual status of the associated equip- 
ment or function. 


1-5.4.6 Trouble Signals. Trouble signals and their restora- 
tion to normal shall be indicated within 200 seconds at the 
locations identified in 1-5.4.6.1 or 1-5.4.6.2. Trouble signals 
required to indicate at the protected premises shall be indi- 
cated by distinctive audible signals. These audible trouble sig- 
nals shall be distinctive from alarm signals. If an intermittent 
signal is used, it shall sound at least once every 10 seconds, 
with a minimum duration of !/y second. An audible trouble 
signal shall be permitted to be common to several supervised 
circuits. The trouble signal(s) shall be located in an area 
where it is likely to be heard. 


1-5.4.6.1 Visible and audible trouble signals and visible indi- 
cation of their restoration to normal shall be indicated at the 
following locations: 


(1) Control unit (central equipment) for protected premises 
fire alarm systems 

(2) Building fire command center for emergency voice/ 
alarm communications service 

(3) Central station or remote station location for systems 
installed in compliance with Chapter 5 


1-5.4.6.2 Trouble signals and their restoration to normal shall 
be visibly and audibly indicated at the proprietary supervising 
station for systems installed in compliance with Chapter 5. 


1999 Edition 


72-24 NATIONAL FIRE ALARM CODE 


1-5.4.6.3 Audible Trouble Signal Silencing Means. 


1-5.4.6.3.1 A means for silencing the trouble notification 
appliance(s) shall be permitted only if it is key-operated, 
located within a locked enclosure, or arranged to provide 
equivalent protection against unauthorized use. Such a means 
shall be permitted only if it transfers the trouble indication to 
a suitably identified lamp or other acceptable visible indicator. 
The visible indication shall persist until the trouble condition 
has been corrected. The audible trouble signal shall sound 
when the silencing means is in its silence position and no trou- 
ble exists. 


1-5.4.6.3.2 If an audible trouble notification appliance is 
also used to indicate a supervisory condition, as permitted in 
1-5.4.7(b), a trouble signal silencing switch shall not prevent 
subsequent sounding of supervisory signals. 


1-5.4.6.3.3* An audible trouble signal that has been silenced 
at the protected premises shall automatically re-sound every 
24 hours or less until fault conditions are restored to normal. 
The audible trouble signal shall sound until it is manually 
silenced or acknowledged. The re-sounded trouble signal 
shall also be automatically retransmitted to any supervising sta- 
tion to which the original trouble signal was transmitted. 


1-5.4.6.3.4* If permitted by the authority having jurisdiction, 
the requirement for a 24-hour re-sound of an audible trouble 
signal shall be permitted to occur only at a supervising station 
that meets the requirements of Chapter 5 and not at the pro- 
tected premises. 


1-5.4.7 Distinctive Signals. Audible alarm notification appli- 
ances for a fire alarm system shall produce signals that are 
distinctive from other similar appliances used for other pur- 
poses in the same area. The distinction among signals shall 
be as follows: 


(a) Fire alarm signals shall be distinctive in sound from 
other signals. Their sound shall not be used for any other pur- 
pose. The requirements of 3-8.4.1.2.1 shall apply. 

(b) *Supervisory signals shall be distinctive in sound 
from other signals. Their sound shall not be used for any 
other purpose. 


Exception: A supervisory signal sound shall be permitted to be used to 
indicate a trouble condition. If the same sound is used for both super- 
visory signals and trouble signals, the distinction between signals shall 
be by other appropriate means such as visible annunciation. 

(c) Fire alarm, supervisory, and trouble signals shall take 
precedence, in that respective order of priority, over all other 
signals. 


Exception: Signals from hold-up alarms or other life-threatening sig- 
nals shall be permitted to take precedence over supervisory and trouble 
signals if acceptable to the authority having jurisdiction. 


1-5.4.8 Alarm Signal Deactivation. A means for turning off 
activated alarm notification appliances shall be permitted only 
where it is key-operated, located within a locked cabinet, or 
arranged to provide equivalent protection against unautho- 
rized use. Such means shall be permitted only if a visible zone 
alarm indication or the equivalent has been provided as spec- 
ified in 1-5.7.1, and subsequent actuation of initiating devices 
on other initiating device circuits or subsequent actuation of 
addressable initiating devices on signaling line circuits cause 
the notification appliances to reactivate. A means that is left in 
the “off” position when there is no alarm shall operate an audi- 
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ble trouble signal until the means is restored to normal. If 
automatically turning off the alarm notification appliances is 
permitted by the authority having jurisdiction, the alarm shall 
not be turned off in less than 5 minutes. 


Exception No. 1: If otherwise permitted by the authority having juris- 
diction, the 5-minute requirement shall not apply. 


Exception No. 2: If permitted by the authority having jurisdiction, 
subsequent actuation of another addressable initiating device of the 
same type in the same room or space shall not be required to cause the 
notification appliance(s) to reactivate. 


1-5.4.9 Supervisory Signal Silencing. A means for silencing a 
supervisory signal notification appliance (s) shall be permitted 
only if it is key-operated, located within a locked enclosure, or 
arranged to provide equivalent protection against unautho- 
rized use. Such a means shall be permitted only if it transfers 
the supervisory indication to a lamp or other visible indicator 
and subsequent supervisory signals in other zones cause the 
supervisory notification appliance(s) to re-ssound. A means 
that is left in the “silence” position where there is no supervi- 
sory off-normal signal shall operate a visible signal silence indi- 
cator and cause the trouble signal to sound until the silencing 
means is restored to normal position. 


1-5.4.10* Presignal Feature. If permitted by the authority 
having jurisdiction, systems shall be permitted to have a fea- 
ture that allows initial fire alarm signals to sound only in 
department offices, control rooms, fire brigade stations, or 
other constantly attended central locations and for which 
human action is subsequently required to activate a general 
alarm, or a feature that allows the control equipment to delay 
the general alarm by more than | minute after the start of the 
alarm processing. If there is a connection to a remote location, 
the transmission of the alarm signal to the supervising station 
shall activate upon the initial alarm signal. 


1-5.4.11 Positive Alarm Sequence. 


1-5.4.11.1 Systems that have positive alarm features comply- 
ing with 1-5.4.11 shall be permitted if approved by the author- 
ity having jurisdiction. 


1-5.4.11.1.1 The signal from an automatic fire detection 
device selected for positive alarm sequence operation shall be 
acknowledged at the control unit by trained personnel within 
15 seconds of annunciation in order to initiate the alarm 
investigation phase. If the signal is not acknowledged within 
15 seconds, all building and remote signals shall be activated 
immediately and automatically. 


1-5.4.11.1.2 Trained personnel shall have up to 180 seconds 
during the alarm investigation phase to evaluate the fire con- 
dition and reset the system. If the system is not reset during 
this investigation phase, all building and remote signals shall 
be activated immediately and automatically. 


1-5.4.11.2 Ifa second automatic fire detector selected for pos- 
itive alarm sequence is actuated during the alarm investigation 
phase, all normal building and remote signals shall be acti- 
vated immediately and automatically. 


1-5.4.11.3 If any other initiating device is actuated, all build- 
ing and remote signals shall be activated immediately and 
automatically. 


1-5.4.11.4* The system shall provide means for bypassing the 
positive alarm sequence. 
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1-5.5 Performance and Limitations. 


1-5.5.1 Voltage, Temperature, and Humidity Variation. Equipment 
shall be designed so that it is capable of performing its intended 
functions under the following conditions: 


(1) *At 85 percent and at 110 percent of the nameplate pri- 
mary (main) and secondary (standby) input voltage (s) 

(2) Atambient temperatures of 32°F (0°C) and 120°F (49°C) 

(3) Ata relative humidity of 85 percent and an ambient tem- 
perature of 86°F (30°C) 


1-5.5.2 Installation and Design. 


1-5.5.2.1* All systems shall be installed in accordance with the 
specifications and standards approved by the authority having 
jurisdiction. 


1-5.5.2.2 Devices and appliances shall be located and 
mounted so that accidental operation or failure is not caused 
by vibration or jarring. 


1-5.5.2.3 All apparatus requiring rewinding or resetting to 
maintain normal operation shall be restored to normal as 
promptly as possible after each alarm and kept in normal con- 
dition for operation. 


1-5.5.2.4 Equipment shall be installed in locations where con- 
ditions do not exceed the voltage, temperature, and humidity 
limits specified in 1-5.5.1. 


Exception: Equipment specifically listed for use in locations where con- 
ditions can exceed the upper and lower limits specified in 1-5.5.1. 


1-5.5.3 To reduce the possibility of damage by induced tran- 
sients, circuits and equipment shall be properly protected in 
accordance with the requirements of NFPA 70, National Electri- 
cal Code, Article 800. 


1-5.5.4* Wiring. The installation of all wiring, cable, and 
equipment shall be in accordance with NFPA 70, National Elec- 
trical Code, and specifically with Articles 760, 770, and 800, 
where applicable. Optical fiber cables shall be protected 
against mechanical injury in accordance with Article 760. 


1-5.5.5 Grounding. All systems shall test free of grounds. 


Exception: Parts of circuits or equipment that are intentionally and per- 
manently grounded to provide ground-fault detection, noise suppres- 
sion, emergency ground signaling, and circuat protection grounding. 


1-5.5.6 Initiating Devices. 


1-5.5.6.1 Initiating devices of the manual or automatic type 
shall be selected and installed so as to minimize nuisance 
alarms. 


1-5.5.6.2 Fire alarm boxes of the manually operated type shall 
comply with 3-8.3.2.1. 


1-5.6* Protection of Fire Alarm Control Unit(s). In areas 
that are not continuously occupied, automatic smoke detec- 
tion shall be provided at the location of each fire alarm con- 
trol unit(s) to provide notification of fire at that location. 


Exception: Where ambient conditions prohibit installation of auto- 
matic smoke detection, automatic heat detection shall be permitted. 


1-5.7 Zoning and Annunciation. 

1-5.7.1 Visible Zone Alarm Indication. If required, the loca- 
tion of an operated initiating device shall be visibly indicated 
by building, floor, fire zone, or other approved subdivision by 
annunciation, printout, or other approved means. The visible 


indication shall not be canceled by the operation of an audible 
alarm silencing means. 


1-5.7.1.1 The primary purpose of fire alarm system annuncia- 
tion is to enable responding personnel to identify the location 
of a fire quickly and accurately and to indicate the status of 
emergency equipment or fire safety functions that might 
affect the safety of occupants in a fire situation. All required 
annunciation means shall be readily accessible to responding 
personnel and shall be located as required by the authority 
having jurisdiction to facilitate an efficient response to the fire 
situation. 


1-5.7.1.2* Zone of Origin. Fire alarm systems serving two or 
more zones shall identify the zone of origin of the alarm initi- 
ation by annunciation or coded signal. 


1-5.7.1.3 Visual annunciators shall be capable of displaying all 
zones in alarm. If all zones in alarm are not displayed simulta- 
neously, there shall be visual indication that other zones are in 
alarm. 


1-5.7.2 Alarm annunciation at the fire command center shall 
be by means of audible and visible indicators. 


1-5.7.3 For the purpose of alarm annunciation, each floor of 
the building shall be considered as a separate zone. If a floor 
is subdivided by fire or smoke barriers and the fire plan for the 
protected premises allows relocation of occupants from the 
zone of origin to another zone on the same floor, each zone 
on the floor shall be annunciated separately for purposes of 
alarm location. 


1-5.7.4 If the system serves more than one building, each 
building shall be indicated separately. 


1-5.8 Monitoring Integrity of Installation Conductors and 
Other Signaling Channels. 


1-5.8.1* All means of interconnecting equipment, devices, 
and appliances and wiring connections shall be monitored for 
the integrity of the interconnecting conductors or equivalent 
path so that the occurrence of a single open or a single 
ground-fault condition in the installation conductors or other 
signaling channels and their restoration to normal shall be 
automatically indicated within 200 seconds. 


Exception No. 1: Styles of initiating device circuits, signaling line cir- 
cuits, and notification appliance circuits tabulated in Table 3-5, Ta- 
ble 3-6, and Table 3-7 that do not have an “X” under “Trouble” for 
the abnormal condition indicated. 


Exception No. 2: Shorts between conductors, other than as required by 
1-5.8.5, 1-5.8.6, and 1-5.8.7.1 and Table 3-5, Table 3-6, and Table 
3-7, shall not be subject to this requirement. 


Exception No. 3: A noninterfering shunt circuit, provided that a fault 
circuit condition on the shunt circuit wiring results only in the loss of 
the noninterfering feature of operation. 


Exception No. 4: Connections to and between supplementary system 
components, provided that single open, ground, or short-circuit condi- 
tions of the supplementary equipment or interconnecting means, or 
both, do not affect the required operation of the fire alarm system. 
Exception No. 5: The circuit of an alarm notification appliance in- 
stalled in the same room with the central control equipment, provided 
that the notification appliance circuit conductors are installed in con- 
duit or are equivalently protected against mechanical injury. 
Exception No. 6: A trouble signal circuit. 


Exception No. 7:* Interconnection between listed equipment within a 
common enclosure. 
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Exception No. 8: Interconnection between enclosures containing con- 
trol equipment located within 20 ft (6 m) of each other where the con- 
ductors are installed in conduit or equivalently protected against 
mechanical injury. 

Exception No. 9: Conductors for ground detection where a single 
ground does not prevent the required normal operation of the system. 


Exception No. 10: Central station circuits serving notification appli- 
ances within a central station. 


Exception No. 11: Pneumatic rate-of-rise systems of the continuous 
line type in which the wiring terminals of such devices are connected 
in multiple across electrically supervised circutts. 


Exception No. 12: Interconnecting wiring of a stationary computer 
and the computer’s keyboard, video monitor, mouse-type device, or 
touch screen, so long as the interconnecting wiring does not exceed 8 ft 
(2.4m) in length; is a listed computer/data processing cable as permit- 
ted by NFPA 70, National Electrical Code; and failure of cable does 
not cause the failure of the required system functions not initiated from 
the keyboard, mouse, or touch screen. 


Exception No. 13: Communications and transmission channels ex- 
tending from a supervising station to a subsidiary station(s) or protected 
premises, or both, which are compliant with the requirements of Chapter 
5 and electrically isolated from the fire alarm system (or circuits) by a 
transmitter(s), ave not required to monitor the integrity of installation 
conductors for a ground-fault condition, provided that a single ground 
condition does not affect the required operation of the fire alarm system. 


1-5.8.2 Interconnection means shall be arranged so that a sin- 
gle break or single ground fault does not cause an alarm signal. 


1-5.8.3 Unacknowledged alarm signals shall not be inter- 
rupted if a fault on an initiating device circuit or a signaling 
line circuit occurs while there is an alarm condition on that 
circuit. 


Exception: Circuits used to interconnect fire alarm control panels. 


1-5.8.4 An open, ground, or short-circuit fault on the installa- 
tion conductors of one alarm notification appliance circuit shall 
not affect the operation of any other alarm notification circuit. 


1-5.8.5 The occurrence of a wire-to-wire short-circuit fault on 
any alarm notification appliance circuit shall result in a trou- 
ble signal at the protected premises. 


Exception No. 1: A circuit employed to produce a supplementary local 
alarm signal, provided that the occurrence of a short circuit on the cir- 
cuit in no way affects the required operation of the fire alarm system. 


Exception No. 2: The circuit of an alarm notification appliance in- 
stalled in the same room with the central control equipment, provided 
that the notification appliance circuit conductors are installed in con- 
duit or are equivalently protected against mechanical injury. 


Exception No. 3: Central station circuits serving notification appli- 
ances within a central station. 


1-5.8.6 Monitoring Integrity of Emergency Voice/Alarm 
Communications Systems. 


1-5.8.6.1* Monitoring Integrity of Speaker Amplifier and 
Tone-Generating Equipment. If speakers are used to produce 
audible fire alarm signals, the following shall apply: 


(1) Failure of any audio amplifier shall result in an audible 
trouble signal. 

(2) Failure of any tone-generating equipment shall result in 
an audible trouble signal. 


Exception: Tone-generating and amplifying equipment enclosed as 
integral parts and serving only a single, listed loudspeaker shall not be 
required to be monitored. 
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1-5.8.6.2 Where a two-way telephone communications circuit 
is provided, its installation wires shall be monitored for a short- 
circuit fault that would cause the telephone communications 
circuit to become inoperative. 


1-5.8.7 Monitoring Integrity of Power Supplies. 

1-5.8.7.1 All primary and secondary power supplies shall be 
monitored for the presence of voltage at the point of connec- 
tion to the system. Failure of either supply shall result in a 
trouble signal in accordance with 1-5.4.6. The trouble signal 
also shall be visually and audibly indicated at the protected 
premises. Where the DACT is powered from a protected pre- 
mises fire alarm system control unit, power failure indication 
shall be in accordance with this paragraph. 

Exception No. 1: A power supply for supplementary equipment. 
Exception No. 2: The neutral of a three-, four-, or five-wire ac or dc 
supply source. 

Exception No. 3: In a central station, the main power supply, provid- 
ed the fault condition is otherwise indicated so as to be obvious to the 
operator on duty. 

Exception No. 4: The output of an engine-driven generator that is 
part of the secondary power supply, provided the generator is tested 
weekly in accordance with Chapter 7. 


1-5.8.7.2* Power supply sources and electrical supervision for 
digital alarm communications systems shall be in accordance 
with 1-5.2 and 1-5.8.1. 


1-5.8.7.3 The primary power failure trouble signal for the DACT 
shall not be transmitted until the actual battery capacity is 
depleted by at least 25 percent, but not by more than 50 percent. 


1-6 Documentation. 
1-6.1 Approval and Acceptance. 


1-6.1.1 The authority having jurisdiction shall be notified 
prior to installation or alteration of equipment or wiring. At its 
request, complete information regarding the system or system 
alterations, including specifications, wiring diagrams, battery 
calculation, and floor plans shall be submitted for approval. 
1-6.1.2 Before requesting final approval of the installation, if 
required by the authority having jurisdiction, the installing 
contractor shall furnish a written statement stating that the sys- 
tem has been installed in accordance with approved plans and 
tested in accordance with the manufacturer’s specifications 
and the appropriate NFPA requirements. 


1-6.1.3* The record of completion form, Figure 1-6.2.1, shall 
be permitted to be a part of the written statement required in 
1-6.1.2. When more than one contractor has been responsible 
for the installation, each contractor shall complete the por- 
tions of the form for which that contractor had responsibility. 


1-6.2 Completion Documents. 


1-6.2.1* A record of completion (Figure 1-6.2.1)shall be prepared 
for each system. Parts 1, 2, and 4 through 10 shall be completed 
after the system is installed and the installation wiring has been 
checked. Part 3 shall be completed after the operational accep- 
tance tests have been completed. A preliminary copy of the 
record of completion shall be given to the system owner and, if 
requested, to other authorities having jurisdiction after comple- 
tion of the installation wiring tests. A final copy shall be provided 
after completion of the operational acceptance tests. 


1-6.2.1.1 All fire alarm systems that are modified after the ini- 
tial installation shall have the original record of completion 
revised to show all changes from the original information and 
shall include a revision date. 
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Figure 1-6.2.1 Record of completion. 
FIRE ALARM SYSTEM 
RECORD OF COMPLETION 


Name of protected property: 
Address: 


Representative of protected property (name/phone): 


Authority having jurisdiction: 


Address/telephone number: 


1. Type(s) of System or Service 
NFPA 72, Chapter 3 — Local 


If alarm is transmitted to location(s) off premises, list where received: 


NFPA 72, Chapter 3 — Emergency Voice/Alarm Service 


Quantity of voice/alarm channels: Single: Multiple: 


Quantity of speakers installed: Quantity of speaker zones: 


Quantity of telephones or telephone jacks included in system: 
_____ NFPA 72, Chapter 6 — Auxillary 
Indicate type of connection: 
Local energy Shunt Parallel telephone 


Location of telephone number for receipt of signals: 


NFPA 72, Chapter 5 — Remote Station 


Alarm: 


Supervisory: 
NFPA 72, Chapter 5 — Proprietary 


If alarms are retransmitted to public fire service communications centers or others, indicate location and 
telephone numbers of the organization receiving alarm: 


Indicate how alarm is retransmitted: 
_______ NFPA 72, Chapter 5 — Central Station 


Prime contractor: 


Central station location: 


Means of transmission of signals from the protected premises to the central station: 

_____ McCulloh _______ Multiplex ________ One-way radio 
Digital alarm communicator Two-way radio Others 

Means of transmission of alarms to the public fire service communications center: 

(a) 

(b) 


System location: 


(NFPA Record of Completion 1 of 4) 
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Figure 1-6.2.1 (Continued) 
Organization name/phone 
Installer 


Supplier 


Service organization 
Location of record (as-built) drawings: 


Location of owners manuals: 


Representative name/phone 


Location of test reports: 


A contract, dated 


No(s). , dated , is in effect. 


2. Record of System Installation 


, for test and inspection in accordance with NFPA standard(s) 


(Fill out after installation is complete and wiring checked for opens, shorts, ground faults, and improper 


branching, but prior to conducting operational acceptance tests.) 


This system has been installed in accordance with the NFPA standards as shown below, was inspected 


by on 


since Cs 

___NFPA72,Chapters 1 2 3 4 5 6 7 
___ NFPA 70, National Electrical Code, Article 760 
___ Manufacturer’s instructions 


____ Other (specify): 


, includes the devices shown below, and has been in service 


(circle all that apply) 


Signed: Date: 


Organization: 


3. Record of System Operation 


All operational features and functions of this system were tested by on 
and found to be operating properly in accordance with the requirements of: 
__NFPA72,Chapters 1 2 383 4 5 6 7 Ceircle all that apply) 
___ NFPA 70, National Electrical Code, Article 760 
___ Manufacturer’s instructions 
__ Other (specify): 
Signed: Date: 
Organization: 
4. Alarm-initiating Devices and Circuits 
Quantity and class of initiating device circuits (see NFPA 72, Table 3-5) Quantity:_____ Style: 
MANUAL 
(a) Manual stations Noncoded, activating Transmitters Coded 
(b) Combination manual fire alarm and guard’s tour coded stations 
AUTOMATIC 
Coverage: Complete: Partial: 
(a) Smoke detectors Ton Photo 
(b) Duct detectors Ton _______ Photo 
(c) Heat detectors FT RR FT/RR RC 


1999 Edition 


Class:____ 
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Figure 1-6.2.1 (Continued) 


(d) Sprinkler waterflow switches: ____—s Transmitters ___—_—sNooncoded, activating Coded 
(e) Other (list): 

5. Supervisory Signal-Initiating Devices and Circuits (use blanks to indicate quantity of devices) 
GUARD’S TOUR 
(a) Coded stations 
(b) 
(c) 


Noncoded stations, activating transmitters 


Compulsory guard tour system comprised of ____——C—C—CSCSCS$#PHr anit stations and 


intermediate stations 


Note: Combination devices are recorded under 4(b) and 5(a). 
SPRINKLER SYSTEM 
(a) 


Coded valve supervisory signaling attachments 


Value supervisory switches, activating transmitters 


(b) Building temperature points 
(c) 
(d) 
Electric fire pump: 
(e) 


(f) Fire pump running 


Site water temperature points 


Site water supply level points 


Fire pump power 


(g) _____—s«éPhase reversal 


Engine-driven fire pump: 


(h) Selector in auto position 

(i) Engine or control panel trouble 
Qj) Fire pump running 
Engine-driven generator: 

(k) Selector in auto position 

(1) Control panel trouble 

(m) Transfer switches 

(n) ______ Engine running 


Other supervisory function(s) (specify): 


6. Alarm Notification Appliances and Circuits 
Quantity and class (see NFPA 72, Table 3-7) of notification appliance circuits connected to the system: 


Types and quantities of notification appliances installed: Quantity: Style: Class: 
—— ______ Inch 

(b) Speakers 

(c) Horns 

(d) Chimes 

(e) Other: 
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Figure 1-6.2.1 (Continued) 


(f) ____ Visual signals = Type: 
with audible w/o audible 


(g) Local annunciator 


7. Signaling Line Circuits 
Quantity and class (see NFPA 72, Table 3-6) of signaling line circuits connected to system: 
Quantity: Style: Class: 


8. System Power Supplies 


(a) Primary (main): Nominal voltage: Current rating: 
Overcurrent protection: Type: Current rating: 
Location: 


(b) Secondary (standby): 
Storage battery: Amp-hour rating: 


Calculated capacity to drive system, in hours: 24 60 


Engine-driven generator dedicated to fire alarm system: 


Location of fuel storage: 

(c) Emergency or standby system used as backup to primary power supply, instead of using a secondary power supply: 
Emergency system described in NFPA 70, Article 700 
Legally required standby system described in NFPA 70, Article 701 


Optional standby system described in NFPA 70, Article 702, which also meets the performance 
requirements of Article 700 or 701 


9. System Software 
(a) Operating system software revision level(s): 


(b) Application software revision level(s): 


(c) Revision completed by: 
(name) (firm) 


10. Comments: 


(signed) for central station or alarm service company or installation contractor/supplier (title) (date) 


Frequency of routine tests and inspections, if other than in accordance with the referenced NFPA standard(s): 


System deviations from the referenced NFPA standard(s) are: 


(signed) for central station or alarm service company or installation contractor/supplier (title) (date) 


Upon completion of the system(s) satisfactory test(s) witnessed (if required by the authority having jurisdiction): 


(signed) representative of the authority having jurisdiction (title) (date) 
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1-6.2.2 Every system shall include the following documenta- 
tion, which shall be delivered to the owner or the owner’s rep- 
resentative upon final acceptance of the system: 


(1) *An owner’s manual and installation instructions cover- 
ing all system equipment 
(2) Record drawings 


1-6.2.3 Central Station Fire Alarm Systems. It shall be con- 
spicuously indicated by the prime contractor (see Chapter 4) that 
the fire alarm system providing service at a protected premises 
complies with all applicable requirements of this code by pro- 
viding a means of verification as specified in either 1-6.2.3.1 or 
1-6.2.3.2. 


1-6.2.3.1 The installation shall be certificated. 


1-6.2.3.1.1 Central station fire alarm systems providing service 
that complies with all requirements of this code shall be certif- 
icated by the organization that has listed the prime contractor, 
and a document attesting to this certification shall be located 
on or near the fire alarm system control unit or, where no con- 
trol unit exists, on or near a fire alarm system component. 


1-6.2.3.1.2 A central repository of issued certification docu- 
ments, accessible to the authority having jurisdiction, shall 
be maintained by the organization that has listed the central 
station. 


1-6.2.3.2 The installation shall be placarded. 


1-6.2.3.2.1 Central station fire alarm systems providing service 
that complies with all requirements of this code shall be con- 
spicuously marked by the prime contractor to indicate compli- 
ance. The marking shall be by means of one or more securely 
affixed placards. 


1-6.2.3.2.2 The placard(s) shall be 20 in.* (130 cm?) or 
larger, shall be located on or near the fire alarm system con- 
trol unit or, where no control unit exists, on or near a fire 
alarm system component, and shall identify the central sta- 
tion and, where applicable, the prime contractor by name 
and telephone number. 


1-6.3 Records. A complete, unalterable record of the tests 
and operations of each system shall be kept until the next test 
and for 1 year thereafter. The record shall be available for 
examination and, if required, reported to the authority having 
jurisdiction. Archiving of records by any means shall be per- 
mitted if hard copies of the records can be provided promptly 
when requested. 


Exception: If off-premises monitoring is provided, records of all sig- 
nals, tests, and operations recorded at the supervising station shall be 
maintained for not less than 1 year. 


Chapter 2 Initiating Devices 


2-1 Introduction. 


2-1.1 Scope. Chapter 2 shall cover minimum requirements 
for performance, selection, use, and location of automatic fire 
detection devices, sprinkler waterflow detectors, manually 
activated fire alarm stations, and supervisory signal initiating 
devices, including guard tour reporting used to ensure timely 
warning for the purposes of life safety and the protection of a 
building, space, structure, area, or object. 

Detector requirements in dwelling units shall be deter- 
mined in accordance with Chapter 8. 


2-1.2 Purpose. 


2-1.2.1 The material in Chapter 2 shall be intended for use by 
persons knowledgeable in the application of fire detection 
and fire alarm systems and services. 


2-1.2.2 Automatic and manual initiating devices shall contrib- 
ute to life safety, fire protection, and property conservation 
only if used in conjunction with other equipment. The inter- 
connection of these devices with control equipment configu- 
rations and power supplies, or with output systems responding 
to external actuation, shall be detailed elsewhere in this code 
or in other NFPA codes and standards. 


2-1.3 Installation and Required Location of Initiating 
Devices. 


2-1.3.1 Where subject to mechanical damage, an initiating 
device shall be protected. A mechanical guard used to protect 
a smoke or heat detector shall be listed for use with the detec- 
tor being used. 


2-1.3.2 In all cases, initiating devices shall be supported inde- 
pendently of their attachment to the circuit conductors. 


2-1.3.3 Initiating devices shall be installed in all areas where 
required by other NFPA codes and standards or the authority 
having jurisdiction. Each installed initiating device shall be 
accessible for periodic maintenance and testing. 


2-1.3.4* Connection to the Fire Alarm System. Duplicate ter- 
minals, leads, or connectors that provide for the connection of 
installation wiring, shall be provided on each initiating device 
for the express purpose of connecting into the fire alarm sys- 
tem to monitor the integrity of the signaling and power wiring. 


Exception: Initiating devices connected to a system that provides the 
required monitoring. 


2-1.4 Requirements for Smoke and Heat Detectors. 


2-1.4.1 Detectors shall not be recessed into the mounting sur- 
face in any manner. 


Exception: If tested and listed for such recessed mounting. 
2-1.4.2* Detector Coverage. 


2-1.4.2.1 Total (Complete) Coverage. If required, total cov- 
erage shall include all rooms, halls, storage areas, basements, 
attics, lofts, spaces above suspended ceilings, and other subdi- 
visions and accessible spaces; and the inside of all closets, ele- 
vator shafts, enclosed stairways, dumbwaiter shafts, and 
chutes. Inaccessible areas shall not be required to be pro- 
tected by detectors. 


Exception No. 1: If inaccessible areas contain combustible material, 
they shall be made accessible and shall be protected by a detector(s). 


Exception No. 2: Detectors shall not be required in combustible blind 
spaces uf any of the following conditions exist: 


(a) Where the ceiling is attached directly to the underside of the 
supporting beams of a combustible roof or floor deck 


(b) Where the concealed space is entirely filled with a noncombus- 
tible insulation (In solid joist construction, the insulation shall be 
required to fill only the space from the ceiling to the bottom edge of the 
joist of the roof or floor deck.) 


(c) Where there are small, concealed spaces over rooms, provided 
any space in question does not exceed 50 ft? (4.6 m7) in area 
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(d) In spaces formed by sets of facing studs or solid joists in walls, 
floors, or ceilings where the distance between the facing studs or solid 
joists is less than 6 in. (150 mm) 


Exception No. 3: Detectors shall not be required below open grid ceil- 
ings if all of the following conditions exist: 


(a) Openings of the grid ave!/4 in. (6.4 mm) or larger in the least 
dimension. 


(b) Thickness of the material does not exceed the least dimension. 


(c) Openings constitute at least 70 percent of the area of the ceil- 
ing material. 


Exception No. 4: Concealed, accessible spaces above suspended ceil- 
ings that are used as a return air plenum meeting the requirements of 
NFPA 90A, Standard for the Installation of Air Conditioning and 
Ventilating Systems, where equipped with smoke detection at each con- 
nection from the plenum to the central air-handling system. 


Exception No. 5: Detectors shall not be required underneath open 
loading docks or platforms and their covers and for accessible under- 
floor spaces if all of the following conditions exist: 


(a) Space is not accessible for storage purposes or entrance of unau- 
thorized persons and is protected against the accumulation of wind- 
borne debris. 


(b) Space contains no equipment such as steam pipes, electric 
wiring, shafting, or conveyors. 


(c) Floor over the space is tight. 


(d) No flammable liquids are processed, handled, or stored on the 
floor above. 


2-1.4.2.2* Partial Coverage. If required, partial detection sys- 
tems shall be provided in all common areas and work spaces, 
such as corridors, lobbies, storage rooms, equipment rooms, 
and other tenantless spaces in those environments suitable for 
proper detector operation in accordance with this code. 


2-1.4.2.3* Selective Coverage. Where codes, standards, laws, 
or authorities having jurisdiction require the protection of 
selected areas only, the specified areas shall be protected in 
accordance with this code. 


2-1.4.2.4* Supplementary (Nonrequired) Coverage. Where 

installed, detection that is not required by an applicable law, 
code, or standard, whether total (complete), partial, or selec- 
tive coverage, shall conform to the requirements of this code. 


Exception: Spacing requirements of Chapter 2. 


2-1.4.3. Where nonrequired detection devices are installed for 
a specific hazard, additional nonrequired detection devices 
shall not be required to be installed throughout an entire 
room or building. 


2-2 Heat-Sensing Fire Detectors. Heat-sensing fire detectors 
shall be installed in all areas where required by other NFPA 
codes and standards or by the authority having jurisdiction. 


2-2.1 Temperature Classification. 
2-2.1.1 Color Coding. 


2-2.1.1.1 Heat-sensing fire detectors of the fixed-temperature 
or rate-compensated, spot-type shall be classified as to the tem- 
perature of operation and marked with a color code in accor- 
dance with Table 2-2.1.1.1. 


Exception: Heat-sensing fire detectors where the alarm threshold is 
field adjustable and that are marked with the temperature range. 


2-2.1.1.2 If the overall color of a heat-sensing fire detector is 
the same as the color code marking required for that detector, 
one of the following arrangements, applied in a contrasting 
color and visible after installation, shall be employed: 


(1) Ring on the surface of the detector 
(2) Temperature rating in numerals at least 3/g in. (9.5 mm) 
high 


2-2.1.2* A heat-sensing fire detector integrally mounted on 
a smoke detector shall be listed or approved for not less than 
50-ft (15-m) spacing. 


2-2.1.3* Heat-sensing fire detectors shall be marked with their 
operating temperature and thermal response coefficient as 
determined by the organization listing the device. The 
requirement for the marking of the thermal response coeffi- 
cient shall have an effective date of July 1, 2002. 


Table 2-2.1.1.1 Temperature Classification for Heat-Sensing Fire Detectors 


Temperature Rating Range Maximum Ceiling Temperature 

Temperature 

Classification °F °C °F °C Color Code 
Low* 100 - 134 39-57 20 below 11 below Uncolored 
Ordinary 135 - 174 58 — 79 100 38 Uncolored 
Intermediate 175 — 249 80-121 150 66 White 
High 250 — 324 122 - 162 225 107 Blue 
Extra high 325 — 399 163 — 204 300 149 Red 
Very extra high 400 — 499 205 — 259 375 191 Green 
Ultra high 500 — 575 260 — 302 475 246 Orange 


“Intended only for installation in controlled ambient areas. Units shall be marked to indicate maximum ambient installation temperature. 
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2-2.2 Location. 


2-2.2.1* Spot-type heat-sensing fire detectors shall be located 
on the ceiling not less than 4 in. (100 mm) from the sidewall 
or on the sidewalls between 4 in. and 12 in. (100 mm and 300 
mm.) from the ceiling. 


Exception No. 1: In the case of solid joist construction, detectors shall 
be mounted at the bottom of the joists. 


Exception No. 2: In the case of beam construction where beams are less 
than 12 in. (300 mm) in depth and less than 8 ft (2.4 m) on center, 
detectors shall be permitted to be installed on the bottom of beams. 


2-2.2.2 Line-type heat detectors shall be located on the ceiling 
or on the sidewalls not more than 20 in. (500 mm) from the 
ceiling. 


Exception No. 1: In the case of solid joist construction, detectors shall 
be mounted at the bottom of the joists. 


Exception No. 2: In the case of beam construction where beams are less 
than 12 in. (300 mm) in depth and less than 8 ft (2.4 m) on center, 
detectors shall be permitted to be installed on the bottom of beams. 


Exception No. 3: If a line-type detector is used in an application other 
than open area protection, the manufacturer’s installation instruc- 
tions shall be followed. 


2-2.3* Temperature. Detectors having fixed-temperature or 
rate-compensated elements shall be selected in accordance 
with Table 2-2.1.1.1 for the maximum expected ambient ceil- 
ing temperature that can be expected. 

The temperature rating of the detector shall be at least 
20°F (11°C) above the maximum expected temperature at the 
ceiling. 


2-2.4* Spacing. 
2-2.4.1* Smooth Ceiling Spacing. 
2-2.4.1.1 One of the following requirements shall apply: 


(1) The distance between detectors shall not exceed their 
listed spacing, and there shall be detectors within a dis- 
tance of one-half the listed spacing, measured at a 
right angle, from all walls or partitions extending to 
within 18 in. (460 mm) of the ceiling. 

(2) All points on the ceiling shall have a detector within a dis- 
tance equal to 0.7 times the listed spacing (0.75). This is 
useful in calculating locations in corridors or irregular 
areas. 


2-2.4.1.2* Irregular Areas. For irregularly shaped areas, the 
spacing between detectors shall be permitted to be greater 
than the listed spacing, provided the maximum spacing from 
a detector to the farthest point of a sidewall or corner within 
its zone of protection is not greater than 0.7 times the listed 
spacing. 


2-2.4.2 Solid Joist Construction. The spacing of heat detec- 
tors, where measured at right angles to the solid joists, shall 
not exceed 50 percent of the smooth ceiling spacing permit- 
ted under 2-2.4.1.1 and 2-2.4.1.2. 


2-2.4.3* Beam Construction. A ceiling shall be treated as a 
smooth ceiling if the beams project no more than 4 in. 
(100 mm) below the ceiling. If the beams project more 
than 4 in. (100 mm) below the ceiling, the spacing of spot- 
type heat detectors at right angles to the direction of beam 
travel shall be not more than two-thirds of the smooth ceil- 
ing spacing permitted under 2-2.4.1.1 and 2-2.4.1.2. If the 


beams project more than 18 in. (460 mm) below the ceil- 
ing and are more than 8 ft (2.4 m) on center, each bay 
formed by the beams shall be treated as a separate area. 


2-2.4.4 Sloping Ceilings. 


2-2.4.4.1* Peaked. A row of detectors shall first be spaced 
and located at or within 3 ft (0.9 m) of the peak of the ceiling, 
measured horizontally. The number and spacing of additional 
detectors, if any, shall be based on the horizontal projection of 
the ceiling in accordance with the type of ceiling construction. 


2-2.4.4.2* Shed. Sloping ceilings having a rise greater than 1 ft 
in 8 ft (1 min 8 m) shall have a row of detectors located on the 
ceiling within 3 ft (0.9 m) of the high side of the ceiling mea- 
sured horizontally, spaced in accordance with the type of ceil- 
ing construction. The remaining detectors, if any, shall be 
located in the remaining area on the basis of the horizontal pro- 
jection of the ceiling. 


2-2.4.4.3 For a roof slope of less than 30 degrees, all detectors 
shall be spaced using the height at the peak. For a roof slope 
of greater than 30 degrees, the average slope height shall be 
used for all detectors other than those located in the peak. 


2-2.4.5 High Ceilings. 


2-2.4.5.1* On ceilings 10 ft to 30 ft (3 m to 9.1 m) high, heat 
detector linear spacing shall be reduced in accordance with 
Table 2-2.4.5.1 prior to any additional reductions for beams, 
joists, or slope, where applicable. 


Exception: Table 2-2.4.5.1 shall not apply to the following detectors, 
which rely on the integration effect: 


(a) Line-type electrical conductivity detectors (see A-1-4) 
(b) Pneumatic rate-of-rise tubing (see A-1-4) 


In these cases, the manufacturer’s recommendations shall be fol- 
lowed for appropriate alarm point and spacing. 


Table 2-2.4.5.1 Heat Detector Spacing Reduction Based on 
Ceiling Height 


Ceiling Height 
Above Up to and Including 
Multiply Listed 

ft m ft m Spacing by 

0 0 10 3.05 1.00 
10 3.05 12 3.66 0.91 
12 3.66 14 4.27 0.84 
14 4.27 16 4.88 0.77 
16 4.88 18 5.49 0.71 
18 5.49 20 6.10 0.64 
20 6.10 22 6.71 0.58 
22 6.71 24 7.32 0.52 
24 7.32 26 7.93 0.46 
26 7.93 28 8.54 0.40 
28 8.54 30 9.14 0.34 
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2-2.4.5.2* The minimum spacing of heat detectors shall not 
be required to be less than 0.4 times the height of the ceiling. 


2-2.4.6 Appendix B shall be permitted to be used as one alter- 
native design method for determining detector spacing. 


2-3 Smoke-Sensing Fire Detectors. 
2-3.1 General. 


2-3.1.1* The purpose of Section 2-3 shall be to provide infor- 
mation to assist in design and installation of reliable early 
warning smoke detection systems for protection of life and 
property. 


2-3.1.2 Section 2-3 shall cover general area application of 
smoke detectors in ordinary indoor locations. 


2-3.1.3 For information on use of smoke detectors for control 
of smoke spread, the requirements of Section 2-10 shall apply. 


2-3.1.4 For additional guidance in the application of smoke 
detectors for flaming fires of various sizes and growth rates in 
areas of various ceiling heights, refer to Appendix B. 


2-3.2* Smoke detectors shall be installed in all areas where 
required by applicable laws, codes, or standards. 


2-3.3* Sensitivity. 


2-3.3.1 Smoke detectors shall be marked with their nominal 
production sensitivity (percent per foot obscuration), as 
required by the listing. The production tolerance around the 
nominal sensitivity also shall be indicated. 


2-3.3.2 Smoke detectors that have provision for field adjust- 
ment of sensitivity shall have an adjustment range of not less 
than 0.6 percent per foot obscuration. If the means of adjust- 
ment is on the detector, a method shall be provided to restore 
the detector to its factory calibration. Detectors that have pro- 
vision for program-controlled adjustment of sensitivity shall be 
permitted to be marked with their programmable sensitivity 
range only. 


2-3.4 Location and Spacing. 
2-3.4.1* General. 


2-3.4.1.1 The location and spacing of smoke detectors shall 
result from an evaluation based on the guidelines detailed in 
this code and on engineering judgment. Some of the condi- 
tions that shall be included in the evaluation are the following: 


(1) Ceiling shape and surface 

(2) Ceiling height 

(3) Configuration of contents in the area to be protected 

(4) Burning characteristics of the combustible materials 
present 

(5) Ventilation 

(6) Ambient environment 


2-3.4.1.2 If the intent is to protect against a specific hazard, 
the detector(s) shall be permitted to be installed closer to the 
hazard in a position where the detector can intercept the 
smoke. 


2-3.4.2 Air Sampling-Type Smoke Detector. Each sampling 
port of an air sampling-type smoke detector shall be treated 
as a spot-type detector for the purpose of location and spacing. 
Maximum air sample transport time from the farthest sam- 
pling point shall not exceed 120 seconds. 
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2-3.4.3* Spot-Type Smoke Detectors. 


2-3.4.3.1 Spot-type smoke detectors shall be located on the 
ceiling not less than 4 in. (100 mm) from a sidewall to the near 
edge or, if on a sidewall, between 4 in. and 12 in. (100 mm and 
300 mm) down from the ceiling to the top of the detector. 
(Refer to Figure A-2-2. 2.1.) 


2-3.4.3.2* To minimize dust contamination, smoke detectors, 
where installed under raised floors, shall be mounted only in 
an orientation for which they have been listed. 


2-3.4.4 Projected Beam—Type Smoke Detectors. Projected 
beam-type smoke detectors shall be located with their pro- 
jected beams parallel to the ceiling and in accordance with the 
manufacturer’s documented instructions. The effects of strat- 
ification shall be evaluated when locating the detectors. 


Exception: Beams shall be permitted to be installed vertically or at any 
angle needed to afford protection of the hazard involved (for example, 
vertical beams through the open shaft area of a stairwell where there is 
a clear vertical space inside the handrails). 


2-3.4.4.1 The beam length shall not exceed the maximum 
permitted by the equipment listing. 


2-3.4.4.2 If mirrors are used with projected beams, the mir- 
rors shall be installed in accordance with the manufacturer’s 
documented instructions. 


2-3.4.5 Smooth Ceiling Spacing. 
2-3.4.5.1 Spot-Type Detectors. 


2-3.4.5.1.1 On smooth ceilings, spacing of 30 ft (9.1 m) shall 
be permitted to be used as a guide. In all cases, the manufac- 
turer’s documented instructions shall be followed. Other spac- 
ing shall be permitted to be used depending on ceiling height, 
different conditions, or response requirements. For the detec- 
tion of flaming fires, the guidelines in Appendix B shall be 
permitted to be used. 


2-3.4.5.1.2* For smooth ceilings, all points on the ceiling shall 
have a detector within a distance equal to 0.7 times the 
selected spacing. 


2-3.4.5.2* Projected Beam—Type Detectors. For location and 
spacing of projected beam-type detectors, the manufacturer’s 
documented installation instructions shall be followed. 


2-3.4.6* Solid Joist and Beam Construction. Solid joists over 
1 ft (0.3 m) in depth shall be treated as beams for smoke detec- 
tor spacing purposes. 


2-3.4.6.1* Flat Ceilings. For ceiling heights of 12 ft (3.66 m) 
or lower, and beam or solid joist depths of 1 ft (0.3 m) or less, 
smooth ceiling spaces running in the direction parallel to 
the run of the beams or solid joists shall be used and one-half 
the smooth ceiling spacing shall be in the direction perpen- 
dicular to the run of the beams or solid joists. For beams over 
1 ft (0.3 m) in depth, spot-type detectors shall be permitted 
to be located either on the ceiling or on the bottom of the 
beams. 

For beam depths exceeding 1 ft (0.3 m) or for ceiling 
heights exceeding 12 ft (3.66 m), spot-type detectors shall be 
located on the ceiling in every beam pocket. 

For solid joists, the detectors shall be located on the bottom 
of the joists. 


2-3.4.6.2* Sloped Ceilings. For beamed ceilings with beams 
running parallel to (up) the slope, the spacing for flat beamed 
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ceilings shall be used. The ceiling height shall be taken as the 
average height over the slope. For slopes greater than 10 
degrees, the detectors located at one-half the spacing from the 
low end shall not be required. Spacings shall be measured 
along a horizontal projection of the ceilings. 

For beamed ceilings with beams running perpendicular to 
(across) the slope, the spacing for flat beamed ceilings shall be 
used. The ceiling height shall be taken as the average height 
over the slope. 

For solid joists, the detectors shall be located on the bottom 
of the joists. 


2-3.4.6.3 A projected beam-type smoke detector shall be 
equivalent to a row of spot-type smoke detectors for flat and 
sloped ceiling applications. 


2-3.4.7* Peaked. Detectors shall first be spaced and located 
within 3 ft (0.9 m) of the peak, measured horizontally. The 
number and spacing of additional detectors, if any, shall be 
based on the horizontal projection of the ceiling. 


2-3.4.8* Shed. Detectors shall first be spaced and located 
within 3 ft (0.9 m) of the high side of the ceiling, measured 
horizontally. The number and spacing of additional detec- 
tors, if any, shall be based on the horizontal projection of the 
ceiling. 


2-3.4.9 Raised Floors and Suspended Ceilings. Spaces beneath 
raised floors and above suspended ceilings shall be treated as 
separate rooms for smoke detector spacing purposes. Detectors 
installed beneath raised floors or above suspended ceilings, or 
both, including raised floors and suspended ceilings used for 
environmental air, shall not be used in lieu of providing detec- 
tion within the room. 


2-3.4.9.1 Raised Floors. Detectors installed beneath raised 
floors shall be spaced in accordance with 2-3.4.1, 2-3.4.1.2, 
and 2-3.4.3.2. If the area beneath the raised floor is also used 
for environmental air, detector spacing shall also conform to 
2-3.5.1 and 2-3.5.2. 


2-3.4.9.2 Suspended Ceilings. Detector spacing above sus- 
pended ceilings shall conform to the requirements of 2-3.4 for 
the ceiling configuration. If detectors are installed in ceilings 
used for environmental air, detector spacing shall also con- 
form to 2-3.5.1 and 2-3.5.2. 


2-3.4.10 Partitions. Where partitions extend upward to 
within 18 in. (460 mm) of the ceiling, they shall not influ- 
ence the spacing. Where the partition extends to within less 
than 18 in. (460 mm) of the ceiling, the effect of smoke travel 
shall be evaluated in the reduction of spacing. 


2-3.5 Heating, Ventilating, and Air-Conditioning (HVAC). 


2-3.5.1* In spaces served by air-handling systems, detectors 
shall not be located where airflow prevents operation of the 
detectors. 


2-3.5.2 Plenums. 


2-3.5.2.1 In under-floor spaces and above-ceiling spaces that 
are used as HVAC plenums, detectors shall be listed for the 
anticipated environment as required by 2-3.6.1.1. Detector 
spacings and locations shall be selected based on anticipated 
airflow patterns and fire type. 


2-3.5.2.2* Detectors placed in environmental air ducts or ple- 
nums shall not be used as a substitute for open area detectors. 
If detectors are used for the control of smoke spread, the 


requirements of Section 2-10 shall apply. If open area protec- 
tion is required, 2-3.4 shall apply. 


2-3.6 Special Considerations. 


2-3.6.1 The selection and placement of smoke detectors shall 
take into account both the performance characteristics of the 
detector and the areas into which the detectors are to be 
installed to prevent nuisance alarms or improper operation 
after installation. Paragraphs 2-3.6.1.1 through 2-3.6.1.3 shall 
apply. 

2-3.6.1.1* Smoke detectors shall not be installed if any of the 
following ambient conditions exist: 


(1) Temperature below 32°F (0°C) 

(2) Temperature above 100°F (38°C) 

(3) Relative humidity above 93 percent 

(4) Air velocity greater than 300 ft/min (1.5 m/sec) 


Exception: Detectors specifically designed for use in ambient condi- 
tions beyond the limits of 2-3.6.1.1(1) through (4) and listed for the 
temperature, humidity, and air velocity conditions expected. 


2-3.6.1.2* The location of smoke detectors shall be based on 
an evaluation of potential ambient sources of smoke, mois- 
ture, dust, or fumes, and electrical or mechanical influences to 
minimize nuisance alarms. 


2-3.6.1.3. Detectors shall not be installed until after the con- 
struction cleanup of all trades is complete and final. 


Exception: Where required by the authority having jurisdiction for 
protection during construction. Detectors that have been installed dur- 
ing construction and found to have a sensitivity outside the listed and 
marked sensitivity range shall be cleaned or replaced in accordance 
with Chapter 7 at completion of construction. 


2-3.6.1.4* Stratification. The effect of stratification below the 
ceiling shall be taken into account. The guidelines in Appen- 
dix B shall be permitted to be used. 


2-3.6.2 Spot-Type Detectors. 


2-3.6.2.1 Smoke detectors that have a fixed temperature ele- 
ment as part of the unit shall be selected in accordance with 
Table 2-2.1.1.1 for the maximum ceiling temperature 
expected in service. 


2-3.6.2.2* Holes in the back of a detector shall be covered by a 
gasket, sealant, or equivalent means, and the detector shall be 
mounted so that airflow from inside or around the housing does 
not prevent the entry of smoke during a fire or test condition. 


2-3.6.3 Projected Beam—Type Detectors. 


2-3.6.3.1 Projected beam-type detectors and mirrors shall be 
mounted on stable surfaces to prevent false or erratic opera- 
tion due to movement. The beam shall be designed so that 
small angular movements of the light source or receiver do 
not prevent operation due to smoke and do not cause nui- 
sance alarms. 


2-3.6.3.2* The light path of projected beam-type detectors 
shall be kept clear of opaque obstacles at all times. 


2-3.6.4 Air Sampling—Type Detectors. 


2-3.6.4.1* Sampling pipe networks shall be designed on the 
basis of and shall be supported by sound fluid dynamic princi- 
ples to ensure required performance. Network design details 
shall include calculations showing the flow characteristics of 
the pipe network and each sample port. 
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2-3.6.4.2* Air-sampling detectors shall give a trouble signal if 
the airflow is outside the manufacturer’s specified range. The 
sampling ports and in-line filter, if used, shall be kept clear in 
accordance with the manufacturer’s documented instructions. 


2-3.6.4.3 Air-sampling network piping and fittings shall be air- 
tight and permanently fixed. Sampling system piping shall be 
conspicuously identified as SMOKE DETECTOR SAMPLING 
TUBE. DO NOT DISTURB, as follows: 


(1) At changes in direction or branches of piping 

(2) Ateach side of penetrations of walls, floors, or other barriers 

(3) At intervals on piping that provide visibility within the 
space, but no greater than 20 ft (6 m) 

2-3.6.5* High Rack Storage. Where smoke detectors are 


installed to actuate a suppression system, NFPA 13, Standard for 
the Installation of Sprinkler Systems, shall apply. 


2-3.6.6 High Air-Movement Areas. 


2-3.6.6.1 General. The purpose and scope of 2-3.6.6 shall be 
to provide location and spacing guidance for smoke detectors 
intended for early warning of fire in high air-movement areas. 


Exception: Detectors provided for the control of smoke spread are cov- 
ered by the requirements of Section 2-10. 


2-3.6.6.2 Location. Smoke detectors shall not be located 
directly in the airstream of supply registers. 


2-3.6.6.3* Spacing. Smoke detector spacing shall be in accor- 
dance with Table 2-3.6.6.3 and Figure 2-3.6.6.3. 


Exception: Air-sampling or projected beam smoke detectors installed in 
accordance with the manufacturer’s documented instructions. 


Table 2-3.6.6.3 Smoke Detector Spacing Based on Air 
Movement 


Spacing per Detector 
Minimum per Air Air Changes 
Change per Hour ft? m? 
1 60 125 11.61 
2 30 250 23.23 
3 20 375 34.84 
4 15 500 46.45 
5 12 625 58.06 
6 10 750 69.68 
7 8.6 875 81.29 
8 7.5 900 83.61 
9 6.7 900 83.61 
10 6 900 83.61 
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Figure 2-3.6.6.3 High air-movement areas (not to be used for under- 
floor or above-ceiling spaces). 
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2-4 Radiant Energy-Sensing Fire Detectors. 


2-4.1* General. The purpose and scope of Section 2-4 shall 
be to provide standards for the selection, location, and spac- 
ing of fire detectors that sense the radiant energy produced by 
burning substances. These detectors are categorized as flame 
detectors and spark/ember detectors. 


2-4.2* Fire Characteristics and Detector Selection. 


2-4.2.1* The type and quantity of radiant energy-sensing fire 
detectors shall be determined based on the performance char- 
acteristics of the detector and an analysis of the hazard, includ- 
ing the burning characteristics of the fuel, the fire growth rate, 
the environment, the ambient conditions, and the capabilities 
of the extinguishing media and equipment. 


2-4.2.2* The selection of the radiant energy-sensing detectors 
shall be based on the following: 


(1) Matching of the spectral response of the detector to the 
spectral emissions of the fire or fires to be detected 

(2) Minimizing the possibility of spurious nuisance alarms 
from non-fire sources inherent to the hazard area 


2-4.3 Spacing Considerations. 
2-4.3.1 General Rules. 


2-4.3.1.1* Radiant energy-sensing fire detectors shall be 
employed consistent with the listing or approval and the 
inverse square law, which defines the fire size versus distance 
curve for the detector. 


2-4.3.1.2 Detector quantity shall be based on the detectors 
being positioned so that no point requiring detection in the 
hazard area is obstructed or outside the field of view of at least 
one detector. 


2-4.3.2 Spacing Considerations for Flame Detectors. 


2-4.3.2.1* The location and spacing of detectors shall be the 
result of an engineering evaluation that includes the following: 


(1) Size of the fire that is to be detected 
(2) Fuel involved 


INITIATING DEVICES 72-37 


(3) Sensitivity of the detector 

(4) Field of view of the detector 

(5) Distance between the fire and the detector 

(6) Radiant energy absorption of the atmosphere 

(7) Presence of extraneous sources of radiant emissions 
(8) Purpose of the detection system 

(9) Response time required 


2-4.3.2.2. The system design shall specify the size of the flam- 
ing fire of given fuel that is to be detected. 


2-4.3.2.3* In applications where the fire to be detected could 
occur in an area not on the optical axis of the detector, the dis- 
tance shall be reduced or detectors added to compensate for 
the angular displacement of the fire in accordance with the 
manufacturer’s documented instructions. 


2-4.3.2.4* In applications in which the fire to be detected is of 
a fuel that differs from the test fuel used in the process of list- 
ing or approval, the distance between the detector and the fire 
shall be adjusted consistent with the fuel specificity of the 
detector as established by the manufacturer. 


2-4.3.2.5 Because flame detectors are line-of-sight devices, 
special care shall be taken to ensure that their ability to 
respond to the required area of fire in the zone that is to be 
protected is not compromised by the presence of intervening 
structural members or other opaque objects or materials. 


2-4.3.2.6* Provisions shall be made to sustain detector win- 
dow clarity in applications where airborne particulates and 
aerosols coat the detector window between maintenance inter- 
vals and affect sensitivity. 


2-4.3.3 Spacing Considerations for Spark/Ember Detectors. 


24.3.3.1* The location and spacing of detectors shall be the 
result of an engineering evaluation that includes the following: 


(1) Size of the spark or ember that is to be detected 

(2) Fuel involved 

(3) Sensitivity of the detector 

(4) Field of view of the detector 

(5) Distance between the fire and the detector 

(6) Radiant energy absorption of the atmosphere 

(7) Presence of extraneous sources of radiant emissions 
(8) Purpose of the detection systems 

(9) Response time required 


2-4.3.3.2* The system design shall specify the size of the spark 
or ember of the given fuel that the detection system is to 
detect. 


2-4.3.3.3 Spark detectors shall be positioned so that all points 
within the cross section of the conveyance duct, conveyor, or 
chute where the detectors are located are within the field of 
view (as defined in Section 1-4) of at least one detector. 


2-4.3.3.4* The location and spacing of the detectors shall be 
adjusted using the inverse square law, modified for the atmo- 
spheric absorption and the absorption of nonburning fuel sus- 
pended in the air in accordance with the manufacturer’s 
documented instructions. 


2-4.3.3.5* In applications where the sparks to be detected 
could occur in an area not on the optical axis of the detector, 
the distance shall be reduced or detectors added to compen- 
sate for the angular displacement of the fire in accordance 
with the manufacturer’s documented instructions. 


2-4.3.3.6* Provisions shall be made to sustain the detector 
window clarity in applications where airborne particulates and 
aerosols coat the detector window and affect sensitivity. 


2-4.4 Other Considerations. 


2-4.4.1 Radiant energy-sensing detectors shall be protected 
either by way of design or installation to ensure that optical 
performance is not compromised. 


2-4.4.2 If necessary, radiant energy-sensing detectors shall be 
shielded or otherwise arranged to prevent action from 
unwanted radiant energy. 


2-4.4.3 Where used in outdoor applications, radiant energy- 
sensing detectors shall be shielded or otherwise arranged in a 
fashion to prevent diminishing sensitivity by conditions such 
as rain or snow and yet allow a clear field of vision of the haz- 
ard area. 


24.4.4 A radiant energy-sensing fire detector shall not be 
installed in a location where the ambient conditions are 
known to exceed the extremes for which the detector has 
been listed. 


2-5 Other Fire Detectors. 


2-5.1 Detectors that operate on principles different from 
those covered by Sections 2-2, 2-3, and 2-4 shall be classified as 
other fire detectors. Such detectors shall be installed in all areas 
where they are required either by other NFPA codes and stan- 
dards or by the authority having jurisdiction. 


2-5.2 “Other fire detectors” shall operate where subjected to 
the abnormal concentration of combustion effects that occur 
during a fire, such as water vapor, ionized molecules, or other 
phenomena for which they are designed. Detection depends 
on the size and intensity of fire to provide the necessary quan- 
tity of required products and related thermal lift, circulation, 
or diffusion for operation. 


2-5.3* Room sizes and contours, airflow patterns, obstruc- 
tions, and other characteristics of the protected hazard shall 
be taken into account. 


2-5.4 Location and Spacing. 


2-5.4.1 The location and spacing of detectors shall be based 
on the principle of operation and an engineering survey of the 
conditions anticipated in service. The manufacturer’s techni- 
cal bulletin shall be consulted for recommended detector uses 
and locations. 


2-5.4.2 Detectors shall not be spaced beyond their listed or 
approved maximums. Closer spacing shall be used where the 
structural or other characteristics of the protected hazard 
warrant. 


2-5.4.3 The location and sensitivity of the detectors shall be the 
result of an engineering evaluation that includes the following: 


(1) Structural features, size, and shape of the rooms and bays 

(2) Occupancy and uses of the area 

(3) Ceiling height 

(4) Ceiling shape, surface, and obstructions 

(5) Ventilation 

(6) Ambient environment 

(7) Burning characteristics of the combustible materials 
present 

(8) Configuration of the contents in the area to be protected 
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2-6 Sprinkler Waterflow Alarm-Initiating Devices. 


2-6.1 The provisions of Section 2-6 shall apply to devices that 
initiate an alarm indicating a flow of water in a sprinkler system. 


2-6.2* Initiation of the alarm signal shall occur within 90 sec- 
onds of waterflow at the alarm-initiating device when flow 
occurs that is equal to or greater than that from a single sprin- 
kler of the smallest orifice size installed in the system. Move- 
ment of water due to waste, surges, or variable pressure shall 
not be indicated. 


2-6.3 Piping between the sprinkler system and a pressure actu- 
ated alarm-initiating device shall be galvanized or of nonfer- 
rous metal or other approved corrosion-resistant material of 
not less than 3/g in. (9.5 mm) nominal pipe size. 


2-7* Detection of the Operation of Other Automatic Extin- 
guishing Systems. The operation of fire extinguishing systems 
or suppression systems shall initiate an alarm signal by alarm- 
initiating devices installed in accordance with their individual 
listings. 


2-8 Manually Actuated Alarm-Initiating Devices. Manual fire 
alarm boxes shall be used only for fire alarm-initiating pur- 
poses. However, combination manual fire alarm boxes and 
guard’s signaling stations shall be permitted. 


2-8.1 Mounting. Each manual fire alarm box shall be securely 
mounted. The operable part of each manual fire alarm box 
shall be not less than 3!/9 ft (1.1 m) and not more than 41/5 ft 
(1.37 m) above floor level. 


2-8.2, Location and Spacing. 


2-8.2.1 Manual fire alarm boxes shall be located throughout 
the protected area so that they are unobstructed and accessible. 


2-8.2.2 Manual fire alarm boxes shall be located within 5 ft 
(1.5 m) of the exit doorway opening at each exit on each floor. 


2-8.2.3 Manual fire alarm boxes shall be mounted on both 
sides of group openings over 40 ft (12.2 m) in width. Manual 
fire alarm boxes shall be mounted within 5 ft (1.5 m) of each 
side of the opening. 


2-8.2.4* Additional manual fire alarm boxes shall be provided 
so that the travel distance to the nearest fire alarm box will not 
be in excess of 200 ft (61 m) measured horizontally on the 
same floor. 


2-8.3* A coded manual fire alarm box shall produce at least 
three repetitions of the coded signal, with each repetition to 
consist of at least three impulses. 


2-9 Supervisory Signal-Initiating Devices. 
2-9.1 Control Valve Supervisory Signal-Initiating Device. 


2-9.1.1 Two separate and distinct signals shall be initiated: 
one indicating movement of the valve from its normal position 
and the other indicating restoration of the valve to its normal 
position. The off-normal signal shall be initiated during the 
first two revolutions of the hand wheel or during one-fifth of 
the travel distance of the valve control apparatus from its nor- 
mal position. The offnormal signal shall not be restored at 
any valve position except normal. 


2-9.1.2 An initiating device for supervising the position of a 
control valve shall not interfere with the operation of the 


valve, obstruct the view of its indicator, or prevent access for 
valve maintenance. 
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2-9.2 Pressure Supervisory Signal-Initiating Device. Two sep- 
arate and distinct signals shall be initiated: one indicating that 
the required pressure has increased or decreased and the 
other indicating restoration of the pressure to its normal 
value. The following requirements shall apply to pressure 
supervisory signal-initiating devices: 


(a) A pressure tank supervisory signal-initiating device for 
a pressurized limited water supply, such as a pressure tank, 
shall indicate both high- and low-pressure conditions. A signal 
shall be initiated when the required pressure increases or 
decreases by 10 psi (70 kPa). 

(b) A pressure supervisory signal-initiating device for a dry- 
pipe sprinkler system shall indicate both high- and low-pres- 
sure conditions. A signal shall be initiated when the pressure 
increases or decreases by 10 psi (70 kPa). 

(c) A steam pressure supervisory signal-initiating device 
shall indicate a low-pressure condition. A signal shall be initi- 
ated prior to the pressure falling below 110 percent of the 
minimum operating pressure of the steam-operated equip- 
ment supplied. 

(d) An initiating device for supervising the pressure of 
sources other than those specified in 2-9.2(a) through (c) shall 
be provided as required by the authority having jurisdiction. 


2-9.3 Water Level Supervisory Signal-Initiating Device. Two 
separate and distinct signals shall be initiated: one indicating 
that the required water level has been lowered or raised and 
the other indicating restoration. 


2-9.3.1 A pressure tank signal-initiating device shall indicate 
both high- and low-water level conditions. A signal shall be 
initiated when the water level falls 3 in. (76 mm) or rises 3 in. 
(76 mm). 


2-9.3.2 A supervisory signal-initiating device for other than 
pressure tanks shall initiate a low-water level signal when the 
water level falls 12 in. (300 mm). 


2-9.4 Water Temperature Supervisory Signal-Initiating De- 
vice. A temperature supervisory device for a water storage 
container exposed to freezing conditions shall initiate two sep- 
arate and distinctive signals. One signal shall indicate a 
decrease in water temperature to 40°F (4.4°C) and the other 
shall indicate its restoration to above 40°F (4.4°C). 


2-9.5 Room Temperature Supervisory Signal-Initiating De- 
vice. A room temperature supervisory device shall indicate a 
decrease in room temperature to 40°F (4.4°C) and its restora- 
tion to above 40°F (4.4°C). 


2-10* Smoke Detectors for Control of Smoke Spread. 


2-10.1* Smoke detectors installed and used to prevent smoke 
spread by initiating control of fans, dampers, doors, and other 
equipment shall be classified in the following manner: 


(1) Area detectors that are installed in the related smoke 
compartments 
(2) Detectors that are installed in the air duct systems 


2-10.2* Detectors that are installed in the air duct system per 
2-10.1(2) shall not be used as a substitute for open area protec- 
tion. If open area protection is required, 2-3.4 shall apply. 


2-10.3* Purposes. 


2-10.3.1 To prevent the recirculation of dangerous quantities 
of smoke, a detector approved for air duct use shall be 
installed on the supply side of air-handling systems as required 
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by NFPA 90A, Standard for the Installation of Air Conditioning and 
Ventilating Systems, and 2-10.4.2.1. 


2-10.3.2 If smoke detectors are used to initiate selectively the 
operation of equipment to control smoke spread, the require- 
ments of 2-10.4.2.2 shall apply. 


2-10.3.3 If detectors are used to initiate the operation of 
smoke doors, the requirements of 2-10.6 shall apply. 


2-10.3.4 If duct detectors are used to initiate the operation of 
smoke dampers within ducts, the requirements of 2-10.5 shall 


apply. 
2-10.4 Application. 


2-10.4.1 Area Detectors within Smoke Compartments. Area 
smoke detectors within smoke compartments shall be permit- 
ted to be used to control the spread of smoke by initiating 
appropriate operation of doors, dampers, and other equip- 
ment. 


2-10.4.2* Smoke Detection for the Air Duct System. 


2-10.4.2.1 Supply Air System. Where the detection of smoke 
in the supply air system is required by other NFPA standards, 
a detector(s) listed for the air velocity present and that is 
located in the supply air duct downstream of both the fan and 
the filters shall be installed. 


Exception: Additional smoke detectors shall not be required to be in- 
stalled in ducts where the air duct system passes through other smoke 
compartments not served by the duct. 


2-10.4.2.2* Return Air System. If the detection of smoke in 
the return air system is required by other NFPA standards, a 
detector(s) listed for the air velocity present shall be located 
where the air leaves each smoke compartment, or in the duct 
system before the air enters the return air system common to 
more than one smoke compartment. 


Exception No. 1: Where total coverage smoke detection is installed in 
all areas of the smoke compartment served by the return air system, in- 
stallation of air duct detectors in the return air system shall not be re- 
quired, provided their function is accomplished by the design of the 
area detection system. 


Exception No. 2: Additional smoke detectors shall not be required to be 
installed in ducts where the air duct system passes through other smoke 
compartments not served by the duct. 


2-10.5 Location and Installation of Detectors in Air Duct 
Systems. 


2-10.5.1 Detectors shall be listed for the purpose for which 
they are being used. 


2-10.5.2* Air duct detectors shall be installed in such a way as 
to obtain a representative sample of the airstream. This instal- 
lation shall be permitted to be achieved by any of the following 
methods: 


(1) Rigid mounting within the duct 


(2) Rigid mounting to the wall of the duct with the sensing 
element protruding into the duct 


(3) Installation outside the duct with rigidly mounted sam- 
pling tubes protruding into the duct 


(4) Installation through the duct with projected light beam 


2-10.5.3 Detectors shall be accessible for cleaning and shall be 
mounted in accordance with the manufacturer’s instructions. 
Access doors or panels shall be provided in accordance with 
NFPA 90A, Standard for the Installation of Air Conditioning and 
Ventilating Systems. 


2-10.5.4 The location of all detectors in air duct systems shall 
be permanently and clearly identified and recorded. 


2-10.5.5 Detectors mounted outside of a duct that employs 
sampling tubes for transporting smoke from inside the duct to 
the detector shall be designed and installed to allow verifica- 
tion of airflow from the duct to the detector. 


2-10.5.6 Detectors shall be listed for operation over the com- 
plete range of air velocities, temperature, and humidity 
expected at the detector when the air-handling system is oper- 
ating. 


2-10.5.7 All penetrations of a return air duct in the vicinity of 
detectors installed on or in an air duct shall be sealed to pre- 
vent entrance of outside air and possible dilution or redirec- 
tion of smoke within the duct. 


2-10.5.8 Where in-duct smoke detectors are installed in con- 
cealed locations more than 10 ft (3 m) above the finished floor 
or in arrangements where the detector’s alarm indicator is not 
visible to responding personnel, the detectors shall be pro- 
vided with remote alarm indicators. Remote alarm indicators 
shall be installed in an accessible location and shall be clearly 
labeled to indicate both their function and the air-handling 
unit(s) associated with each detector (for example, In-Duct 
Smoke Detector Alarm). 


Exception: Where the specific detector in alarm is indicated at the con- 
trol unit. 


2-10.6 Smoke Detectors for Door Release Service. 


2-10.6.1 Smoke detectors that are part of an open area protec- 
tion system covering the room, corridor, or enclosed space on 
each side of the smoke door and that are located and spaced 
as required by 2-3.4 shall be permitted to accomplish smoke 
door release service. 


2-10.6.2 Smoke detectors that are used exclusively for smoke 
door release service shall be located and spaced as required by 
2-10.6. 


2-10.6.3 When smoke door release is accomplished directly 
from the smoke detector(s), the detector(s) shall be listed for 
releasing service. 


2-10.6.4 Smoke detectors shall be of the photoelectric, ioniza- 
tion, or other approved type. 


2-10.6.5 Number of Detectors Required. 


2-10.6.5.1 If doors are to be closed in response to smoke flow- 
ing in either direction, the requirements of 2-10.6.5.1.1 
through 2-10.6.5.1.3 shall apply. 


2-10.6.5.1.1 If the depth of wall section above the door is 24 in. 
(610 mm) or less, one ceiling-mounted detector shall be 
required on one side of the doorway only. Figure 2-10.6.5.1.1, 
parts B and D, shall apply. 
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Figure 2-10.6.5.1.1 Detector location requirements for wall sections. 


Depth of wall Door frame Ceiling mounted 
section above mounted 
door 
Smoke detector Smoke detector 
listed for frame ceiling mounted 
"dd? mounting or as 
part of closer 
assembly 
A B 
4 
: d= 24 in. 
0-24 in. (610 mm) 
on both 
sides of Max. of 5 ft (1.52 m) 
doorway min. “d” but 
Detector or not less than 12 in. 
detector closer (305 mm) 
mounted on 
either side One detector mounted on either side 
do=30in. C D Max. 5 ft 
(762 mm) —+ }<— (1.52 m) >| 
d ; min. = dp 
1=20in. 
(508 mm) 
Over 24 in. d= 30 in. (762 mm) 
(610 mm) 
on one | 
side only 
Detector or 
detector closer 
mounted on 
higher side One detector mounted on higher side 
E 
Max. 5 ft Max. 5 ft 
<— (1.52 m)—> l<— (1.52 m) >| 
min. =d min. =d 
Over 24 in. d> 24 in. i 
(610 mm) (610 mm) 
on both | 
sides — 
Detector or 
detector closer 
mounted on 
either side Two detectors required 
G 
fleed mah Might require additional detectors 


2-10.6.5.1.2* If the depth of wall section above the door is 
greater than 24 in. (610 mm), two ceiling-mounted detec- 
tors shall be required, one on each side of the doorway. Fig- 
ure 2-10.6.5.1.1, part F, shall apply. 


2-10.6.5.1.3 If a detector is specifically listed for door frame 
mounting or if a listed combination or integral detector-door 
closer assembly is used, only one detector shall be required if 
installed in the manner recommended by the manufacturer. 


2-10.6.5.2 If door release is intended to prevent smoke trans- 
mission from one space to another in one direction only, one 
detector located in the space to which smoke is to be con- 
fined shall be required, regardless of the depth of wall section 
above the door. Alternatively, a smoke detector conforming 
with 2-10.6.5.1.3 shall be permitted to be used. 


2-10.6.5.3 If there are multiple doorways, additional ceiling- 
mounted detectors shall be required as specified in 2-10.6.5.3.1 
through 2-10.6.5.3.3. 


2-10.6.5.3.1 If the separation between doorways exceeds 
24 in. (610 mm), each doorway shall be treated separately. 
Figure 2-10.6.5.3.1, part E, shall apply. 
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2-10.6.5.3.2 Each group of three doorway openings shall be 
treated separately. Figure 2-10.6.5.3.2 shall apply. 


2-10.6.5.3.3 Each group of doorway openings that exceeds 
20 ft (6.1 m) in width measured at its overall extremes shall 
be treated separately. Figure 2-10.6.5.3.3 shall apply. 


2-10.6.5.4 If there are multiple doorways and listed door 
frame-mounted detectors or if listed combination or integral 
detector—door closer assemblies are used, there shall be one 
detector for each single or double doorway. 


Figure 2-10.6.5.3.1 Detector location requirements for single and 
double doors. 


Detector(s) 
location 


On centerline of 
doorway 


Single door 


On centerline of 
doorway 


Door offset from 
centerline of hall 


On centerline of 
doorway 


Double door 


On centerline of 
separation 


a= 24in. 
(610 mm) 
or less 


On centerline of each 
doorway 


a= More than 
24 in. (610 mm) 


Figure 2-10.6.5.3.2 Detector location requirements for group 
doorways. 


Detector(s) 

location 
a= 24 in. On 
(610 mm) center- 
or less; line of 
3 openings; center 
W=20ft opening 
(6.1 m) 
or less 
a= 24 in. Treat as 
(610 mm) two or 
or less; more 
more than groups 
3 openings 


Figure 2-10.6.5.3.3 Detector location requirements for group 
doorways over 20 ft (6.1 m) in width. 


a= 24 in. Detector(s) 
(610 mm) location _ 
or less; 

W= more Treat as 
than 20 ft ened 
fee) groups 
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2-10.6.6 Location. 


2-10.6.6.1 If ceilingmounted smoke detectors are to be 
installed on a smooth ceiling for a single or double doorway, 
they shall be located as follows (Figure 2-10.6.5.3.1 shall apply.): 


(1) On the centerline of the doorway 

(2) No more than 5 ft (1.5 m) measured along the ceiling 
and perpendicular to the doorway (Figure 2-10.6.5.1.1 
shall apply.) 

(3) No closer than shown in Figure 2-10.6.5.1.1, parts B, D, 
and F 


2-10.6.6.2 If ceiling-mounted detectors are to be installed in 
conditions other than those outlined in 2-10.6.6.1, an engi- 
neering evaluation shall be made. 


Chapter 3 Protected Premises Fire Alarm Systems 


3-1 Scope. Chapter 3 shall provide requirements for the 
application, installation, and performance of fire alarm sys- 
tems, including fire alarm and supervisory signals, within pro- 
tected premises. 


3-2 General. The systems covered in Chapter 3 shall be used 
for the protection of life by automatically indicating the neces- 
sity for evacuation of the building or fire area, and for the pro- 
tection of property through the automatic notification of 
responsible persons and for the automatic activation of fire 
safety functions. The requirements of Chapters 1, 2, 4, and 5 
shall also apply, unless they are in conflict with this chapter. 


3-2.1 Testing. All protected premises fire alarm systems shall 
be maintained and tested in accordance with Chapter 7. 


3-2.2 Signal Annunciation. Protected premises fire alarm sys- 
tems shall be arranged to annunciate alarm, supervisory, and 
trouble signals in accordance with 1-5.7. 


3-2.3. Software and Firmware Control. 


3-2.3.1 All software and firmware provided with a fire alarm 
system shall be listed for use with the fire alarm control unit. 


3-2.3.2 A record of installed software and firmware version 
numbers shall be maintained at the location of the fire alarm 
control unit. 


3-2.3.3* All software and firmware shall be protected from 
unauthorized changes. 


3-2.3.4 All changes shall be tested in accordance with 7-1.6.2. 
3-2.4 Nonrequired Systems. 


3-2.4.1 Nonrequired protected premises systems shall meet 
the requirements of this code. 


3-2.4.2 Nonrequired systems shall meet performance stan- 
dards approved by the authority having jurisdiction. 


3-3 Applications. Protected premises fire alarm systems shall 
include one or more of the following features: 


(1) Manual alarm signal initiation 

(2) Automatic alarm signal initiation 

(3) Monitoring of abnormal conditions in fire suppression 
systems 

(4) Activation of fire suppression systems 

(5) Activation of fire safety functions 

(6) Activation of alarm notification appliances 

(7) Emergency voice/alarm communications 


(8) Guard’s tour supervisory service 

(9) Process monitoring supervisory systems 
(10) Activation of off-premises signals 

(11) Combination systems 

(12) Integrated systems 


3-4 System Performance and Integrity. 


34.1 Purpose. Section 3-4 shall provide information to be 
used in the design and installation of protected premises fire 
alarm systems for the protection of life and property. 


3-4.2* Circuit Designations. Initiating device, notification 
appliance, and signaling line circuits shall be designated by 
class or style, or both, depending on the circuit’s capability to 
continue to operate during specified fault conditions. 


3-4.2.1 Class. Initiating device, notification appliance, and 
signaling line circuits shall be permitted to be designated as 
either Class A or Class B, depending on the capability of the 
circuit to transmit alarm and trouble signals during nonsimul- 
taneous single circuit fault conditions as specified by the fol- 
lowing: 


(1) Circuits capable of transmitting an alarm signal during a 
single open or a nonsimultaneous single ground fault on 
a circuit conductor shall be designated as Class A. 

(2) Circuits incapable of transmitting an alarm beyond the 
location of the fault conditions specified in 3-4.2.1(a) 
shall be designated as Class B. 

Faults on both Class A and Class B circuits shall result in a 
trouble condition on the system in accordance with the 

requirements of 1-5.8. 


3-4.2.2 Style. 


3-4.2.2.1 Initiating device, notification appliance, and signal- 
ing line circuits shall be permitted to be designated by style so 
as to describe requirements in addition to the requirements 
shown for Class A or Class B according to the following: 


(1) An initiating device circuit shall be permitted to be desig- 
nated as either Style A, B, C, D, or E, depending on its 
ability to meet the alarm and trouble performance 
requirements shown in Table 3-5, during a single open, 
single ground, wire-to-wire short, and loss-of-carrier fault 
condition. 

(2) A notification appliance circuit shall be permitted to be 
designated as either Style W, X, Y, or Z, depending on its 
ability to meet the alarm and trouble performance 
requirements shown in Table 3-7, during a single open, 
single ground, and wire-to-wire short fault condition. 

(3) A signaling line circuit shall be permitted to be desig- 
nated as either Style 0.5, 1, 2, 3, 3.5, 4, 4.5, 5, 6, or 7, 
depending on its ability to meet the alarm and trouble 
performance requirements shown in Table 3-6, during a 
single open, single ground, wire-to-wire short, simulta- 
neous wire-to-wire short and open, simultaneous wire-to- 
wire short and ground, simultaneous open and ground, 
and loss-of-carrier fault conditions. 


3-4.2.2.2* All styles of Class A circuits using physical conduc- 
tors (for example, metallic, optical fiber) shall be installed 
such that the outgoing and return conductors, exiting from 
and returning to the control unit, respectively, are routed sep- 
arately. The outgoing and return (redundant) circuit conduc- 
tors shall not be run in the same cable assembly (that is, 
multiconductor cable), enclosure, or raceway. 
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Exception: The outgoing and return (redundant) circuit conductors 
shall be permitted to be run in the same cable assembly, enclosure, or 
raceway under any of the following conditions: 


(a) For a distance not to exceed 10 ft (3 m) where the outgoing 
and return conductors enter or exit the initiating device, notification 
appliance, or control unit enclosures. 

(b) Where the vertically run conductors are contained in a 2-hour 
rated cable assembly or enclosed (installed) in a 2-hour rated enclosure. 

(c) Where looped conduit/raceway systems are provided, single 
conduit/raceway drops to individual devices or appliances shall be 
permitted. 

(d) Where looped conduit/raceway systems are provided, single 
conduit/raceway drops to multiple devices or appliances installed 
within a single room not exceeding 1000 ft? (92.9 m7) in area shall 
be permitted. 


3-4.3 Signaling Paths. 


3-4.3.1 The class or style of signaling paths (circuits) shall be 
determined from an evaluation based on the path perfor- 
mance detailed in this code and on engineering judgment. 


34.3.2 When determining the integrity and reliability of the 
interconnecting signaling paths (circuits) installed within the 
protected premises, the following influences shall be considered: 


Table 3-5 Performance of Initiating Device Circuits (IDC) 


Transmission media used 

Length of the circuit conductors 

Total building area covered by and the quantity of initiat- 
ing devices and notification appliances connected to a 
single circuit 

Effect of a fault in the fire alarm system on the objectives 
stated in Section 3-2 

Nature of the hazard present within the protected premises 
Functional requirements of the system necessary to pro- 
vide the level of protection required for the system 

Size and nature of the population of the protected premises 


(1) 
(2) 
(3) 


(4) 


(5) 
(6) 


(7) 
3-4.3.3 Results of the evaluation required by 3-4.3.1 shall be 
included with the documentation required by Section 1-6. 


3-5* Performance of Initiating Device Circuits (IDC). The 
assignment of class designations or style designations, or both, 
to initiating device circuits shall be based on their perfor- 
mance capabilities under abnormal (fault) conditions in 
accordance with the requirements of Table 3-5. 


3-6* Performance of Signaling Line Circuits (SLC). The 
assignment of class designations or style designations, or both, 
to signaling line circuits shall be based on their performance 
capabilities under abnormal (fault) conditions in accordance 
with the requirements of Table 3-6. 


Class B B B A A 
Style A B Cc D Ea 

on on on on on 

os cs cs os so 
ag as ag a z 
S 6 S 6 S 6 & 6 S 6 
Qs Qs Qs Qs Ques 
ga ga ga ga Bi] 
BS BS BS BS BS 
9 ° 9 i) g (3) 9 rs) 9 (3) 
2/2 2/2 2/2 2/2 2 | 2% 
ge) sigs} €| S|e8) ¢€) Sles5) #| Sle8) €) Sl es 
a aes & a oi] 8 & a o\s & a ois & a oi] & & 
a Blas] = Blas] = Blas] = Blas] = Bias 

Abnormal condition 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15 

Single open mh ee ee fer) Peer gen] — |x Xx 
Single ground — xX — — xX R — > R — xX R —_ xX R 
Wire-to-wire short xX —|— xX —}—]— xX — xX —/;—|— xX — 
Loss of carrier (if used) / —)/—);—f]—-—|]—-—-f|]J—-|]—- xX —|/—;—|]—-—|—- xX —_— 

channel interface 


R = Required capacity 


X = Indication required at protected premises and as required by Chapter 5 


a = Style exceeds minimum requirements of Class A 
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Table 3-6 Performance of Signaling Line Circuits (SLC) 


70 


SUOnIpUOD [euLIOUqe 
sutmp Aypiqedes ydia901 wey 


30 


aqqnogy, 


Xx 


28 | 29 


6a 


SUOTIPUOD [eULIOUGe 
sutmp Ayyiqedes ydte901 wey 


27 


aiqnogy, 


5a, 


SUONIPUOD [eULIOUge 
sutmp Ayyiqedes ydte901 wey 


24 | 25 | 26 


aqqnogy, 


22 | 23 


4.5 


SUONIPUOD [eULIOUGe 
sutmp Ayypiqedes ydte901 wey 


aqqnogy, 


19 | 20] 21 


SUOTIPUOD [eULIOUGe 
sutmp Ayypiqedes ydte901 wey 


18 


aqqnogy, 


16 | 17 


3.5 


SUOTIPUOD [eULIOUGe 
sutmp Ayyiqedes ydte901 wey 


15 


aqqnogy, 


13 | 14 


SUOTIPUOD [eULIOUGe 
sutmp Ayyiqedes ydte901 wey 


12 


aqqnogy, 


10] 11 


2a 


SUONIPUOD [eULIOUGe 
sutmp Ayypiqedes ydte001 wey 


9 


aiqnogy, 


8 


SUOTIPUOD [eULIOUge 
sutmp Ayypiqedes ydie.01 wey 


aqqnogy, 


Class 


0.5 


Style 


suOnIpUod [euLIouqe 
Surmp Ayqiqedes yd1e901 waepy 


aqqnogy) 


wuery 


Abnormal 


1 


condition 


Single 


wire short 


Wire-to- 


wire short 
& open 


Wire-to- 


wire short 
& ground 


Oyen ste Rarer ae fe (ame nn eae BS ls = gd eb lee eel em Cee bc ER eemeal men mb HIB 


ground 


Loss of 
carrier (if 
used) / 
channel 


interface 


Indication required at protected premises and as required by Chapter 5 


May be capable of alarm with wire-to-wire short 
Style exceeds minimum requirements for Class A 


Required capability 


M 
R 
x 
Qa 
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3-7 Performance of Notification Appliance Circuits (NAC). The 
assignment of class designations or style designations, or both, 
to notification appliance circuits shall be based on their per- 
formance capabilities under abnormal (fault) conditions in 
accordance with the requirements of Table 3-7. 


Table 3-7 Notification Appliance Circuits (NAC) 


Class B B B A 


= 
* 
< 
N 


Style 


— | Trouble indication at protected premises 
ro | Alarm capability during abnormal conditions 
* | Alarm capability during abnormal conditions 
@ | Alarm capability during abnormal conditions 
“| Trouble indication at protected premises 
® | Alarm capability during abnormal conditions 


| Trouble indication at protected premises 
& | Trouble indication at protected premises 


Abnormal condition 


Single open X|—|]X}xX|]xX}—|xX}xX 
Single ground X/— |X /|—/;}X;}|X/X|xX 
Wire-to-wire short X/}/—|xX}/—} xX j—]| xX |— 


X = Indication required at protected premises 


3-8 System Requirements. 


3-8.1* Fire Alarm Control Units. Fire alarm systems shall be 
permitted to be either integrated systems combining all detec- 
tion, notification, and auxiliary functions in a single system or 
a combination of component subsystems. Fire alarm system 
components shall be permitted to share control equipment or 
shall be able to operate as stand alone subsystems, but, in any 
case, they shall be arranged to function as a single system. All 
component subsystems shall be capable of simultaneous, full 
load operation without degradation of the required, overall 
system performance. 


3-8.1.1 The method of interconnection of control units shall 
meet the monitoring requirements of 1-5.8 and NFPA 70, 
National Electrical Codé®, Article 760, and shall be achieved by 
the following recognized means: 


(1) Electrical contacts listed for the connected load 

(2) Listed digital data interfaces (such as serial communica- 
tions ports and gateways) 

(3) Other listed methods 


3-8.1.2 If approved by the authority having jurisdiction, inter- 
connected control units providing localized detection, evacu- 
ation signaling, and auxiliary functions shall be permitted to 
be monitored by a fire alarm system as initiating devices. 


1999 Edition 


3-8.1.2.1 Each interconnected control unit shall be separately 
monitored for alarm, trouble, and supervisory conditions. 


3-8.1.2.2 Interconnected control unit alarm signals shall be 
permitted to be monitored by zone or by combined common 
signals. 

3-8.1.3 Protected premises fire alarm control units shall be 
capable of being reset or silenced only from the control unit 
at the protected premises. 


Exception: Where otherwise specifically permitted by the authority hav- 
ing jurisdiction. 


3-8.1.4 Protected Premises Fire Alarm Systems Interconnect- 
ed with Dwelling Unit Fire Warning Equipment. 


3-8.1.4.1 A protected premises fire alarm system shall be per- 
mitted to be interconnected to dwelling unit fire warning 
equipment only for the purposes of transmitting an alarm 
from the protected premises fire alarm system to the dwelling 
unit fire warning system. 


3-8.1.4.2 If interconnected, an alarm condition at the pro- 
tected premises fire alarm system shall cause the alarm notifi- 
cation appliance(s) within the family living unit of the 
dwelling unit fire warning system to become energized. The 
notification appliances shall remain energized until the pro- 
tected premises fire alarm system is silenced or reset. 


3-8.1.4.3 The interconnection circuit or path from the pro- 
tected premises fire alarm system to the dwelling unit fire 
warning system shall be monitored for integrity by the pro- 
tected premises fire alarm system in accordance with 1-5.8. 


3-8.1.4.4 An alarm condition occurring at the dwelling unit 
fire warning system or the operation of any test switches pro- 
vided as part of the dwelling unit fire warning equipment shall 
not cause an alarm condition at the protected premises fire 
alarm system. 


3-8.2 Combination Systems. 


3-8.2.1* Fire alarm systems shall be permitted to share com- 
ponents, equipment, circuitry, and installation wiring with 
non-fire alarm systems. 


3-8.2.2 If common wiring is used for combination systems, the 
equipment for non-fire alarm systems shall be permitted to be 
connected to the common wiring of the system. Short circuits, 
open circuits, or grounds in this equipment or between this 
equipment and the fire alarm system wiring shall not interfere 
with the monitoring for integrity of the fire alarm system or 
prevent alarm, supervisory, or fire safety control signal trans- 
missions. 


3-8.2.3 To maintain the integrity of fire alarm system func- 
tions, the provision for removal, replacement, failure, or main- 
tenance procedure on any supplementary hardware, software, 
or circuit(s) shall not impair the required operation of the fire 
alarm system. 


Exception: Where the hardware, software, or circuit(s) is listed for fire 
alarm use. 


3-8.2.4 Speakers used as alarm notification appliances on fire 
alarm systems shall not be used for nonemergency purposes. 
Exception No. 1:* If the fire command center is constantly attended by 
a trained operator, selective paging shall be permitted as approved by 
the authority having jurisdiction. 

Exception No. 2:* If all of the following conditions are met: 
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(a) The speakers and associated audio equipment are installed or 
located with safeguards to prevent tampering or misadjustment of 
those components essential to intended operation for fire. 


(b) The monitoring integrity requirements of 1-5.8 and 3-8.4.1.3.2 
shall continue to be met while the system is used for nonemergency pur- 
poses. 


(c) It is permitted by the authority having jurisdiction. 


3-8.2.5 In combination systems, fire alarm signals shall be dis- 
tinctive, clearly recognizable, and take precedence over any 
other signal even when a non-fire alarm signal is initiated first. 


3-8.2.6 If the authority having jurisdiction determines that 
the information being displayed or annunciated on a combi- 
nation system is excessive and is causing confusion and 
delayed response to a fire emergency, the authority having 
jurisdiction shall be permitted to require that the display or 
annunciation of information for the fire alarm system be sep- 
arate from and have priority over information for the non-fire 
alarm systems. 


3-8.3 Fire Alarm System Inputs. 
3-8.3.1 General. 


3-8.3.1.1 Fire alarm boxes, automatic alarm-initiating devices, 
and waterflow initiating devices shall be listed for the intended 
application, installed in accordance with Chapter 2, and tested 
in accordance with Chapter 7. 


3-8.3.1.2 For fire alarm systems employing automatic fire 
detectors or waterflow detection devices, at least one fire 
alarm box shall be provided to initiate a fire alarm signal. This 
fire alarm box shall be located where required by the authority 
having jurisdiction. 


Exception: Fire alarm systems dedicated to elevator recall control and 
Supervisory service as permitted in 3-9.3.1. 


3-8.3.1.3. Supervisory devices shall be installed in accordance 
with Chapter 2. 


3-8.3.2 Alarm Signal Initiation. 


3-8.3.2.1 Manual Fire Alarm Signal Initiation. Manual _fire 
alarm signal initiation shall comply with the requirements of 
Section 2-8. If signals from fire alarm boxes and other fire 
alarm initiating devices within a building are transmitted over 
the same signaling line circuit, there shall be no interference 
with fire alarm box signals when both types of initiating 
devices are operated at the same time. Provision of the shunt 
noninterfering method of operation shall be permitted for 
this performance. 


3-8.3.2.2, Automatic Fire Alarm Signal Initiation. Automatic 
fire alarm-signal initiation devices that have integral trouble 
signal contacts shall be connected to the initiating device cir- 
cuit so that a trouble condition within a device does not impair 
alarm transmission from any other initiating device. 


Exception: Where the trouble condition is caused by electrical discon- 
nection of the device or by removing the initiating device from its plug- 
in base. 


3-8.3.2.3. Detection Devices. 


3-8.3.2.3.1* Systems equipped with alarm verification features 
shall be permitted, under the following conditions: 


(a) The alarm verification feature is not initially enabled 
unless conditions or occupant activities that are expected to 


cause nuisance alarms are anticipated in the area that is pro- 
tected by the smoke detectors. Enabling of the alarm verifica- 
tion feature shall be protected by password or limited access. 

(b) A smoke detector that is continuously subjected to a 
smoke concentration above alarm threshold does not delay 
the system functions of 1-5.4 by more than | minute. 

(c) Actuation of an alarm initiating device other than a 
smoke detector causes the system functions of 1-5.4 without 
additional delay. 

(d) When the alarm verification feature is enabled, dis- 
abled, or changed, the comments section of the Record of 
Completion (Figure 1-6.2.1, item 10) shall be used to record 
the status or change to system operation. 


3-8.3.2.3.2 Automatic Drift Compensation. If automatic drift 
compensation of sensitivity for a fire detector is provided, the 
control unit shall identify the affected detector when the limit 
of compensation is reached. 


3-8.3.2.3.3 Systems that require the operation of two auto- 
matic detectors to initiate the alarm response shall be permit- 
ted as follows: 


(1) The systems shall not be prohibited by the authority hav- 
ing jurisdiction. 

(2) There shall be at least two automatic detectors in each 
protected space. 

(3) The alarm verification feature shall not be used. 


3-8.3.2.3.3.1 For systems that require the operation of two 
automatic detectors to initiate fire safety functions or to acti- 
vate fire extinguishing or suppression systems, the detectors 
shall be installed at the spacing determined in accordance 
with Chapter 2. 


3-8.3.2.3.3.2 For systems that require the operation of two 
automatic detectors to activate public mode notification, the 
detectors shall be installed at a linear spacing not more than 
0.7 times the linear spacing determined in accordance with 
Chapter 2. 


3-8.3.2.4 Waterflow Alarm Signal Initiation. 


3-8.3.2.4.1 A dry-pipe or preaction sprinkler system that is 
supplied with water by a connection beyond the alarm-initiat- 
ing device of a wet-pipe system shall be equipped with a sepa- 
rate waterflow alarm-initiating pressure switch or other 
approved means to initiate a waterflow alarm. 


3-8.3.2.4.2 The number of waterflow switches permitted to be 
connected to a single initiating device circuit shall not exceed 
five. 


3-8.3.2.5 Signal Initiation from Automatic Fire Suppression 
System Other than Waterflow. 


3-8.3.2.5.1 The operation of an automatic fire suppression 
system installed within the protected premises shall cause an 
alarm signal at the protected premises fire alarm control unit. 


3-8.3.2.5.2 The integrity of each fire suppression system actu- 
ating device and its circuit shall be supervised in accordance 
with 1-5.8.1 and with other applicable NFPA standards. 


3-8.3.3 Supervisory Signal Initiation. 


3-8.3.3.1 General. The provisions of 3-8.3.3 shall apply to 
the monitoring of sprinkler systems, other fire suppression 
systems, and other systems for the protection of life and 
property for the initiation of a supervisory signal indicating 
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an off-normal condition that could adversely affect the per- 
formance of the system. 


3-8.3.3.1.1 The number of supervisory devices permitted to 
be connected to a single initiating device circuit shall not 
exceed 20. 


3-8.3.3.1.2* Provisions shall be made for supervising the con- 
ditions that are essential for the operation of sprinkler and 
other fire suppression systems. 


Exception: Those conditions related to water mains, tanks, cisterns, 
reservoirs, and other water supplies controlled by a municipality or a 
public utility. 


3-8.3.3.1.3* Signals shall distinctively indicate the particular 
function (e.g., valve position, temperature, or pressure) of the 
system that is offnormal and also indicate its restoration to 
normal. 


3-8.3.3.2 Pump Supervision. Automatic fire pumps and spe- 
cial service pumps shall be supervised in accordance with 
NFPA 20, Standard for the Installation of Centrifugal Five Pumps, 
and the authority having jurisdiction. 


3-8.3.3.2.1 Supervision of electric power supplying the pump 
shall be made on the line side of the motor starter. All phases 
and phase reversal shall be supervised. 


3-8.3.3.2.2 If both sprinkler supervisory signals and pump 
running signals are transmitted over the same path, the pump 
running signal shall have priority. 


Exception: Where the path is so arranged such that simultaneous sig- 
nals are not lost. 


3-8.3.3.3, Automatic Fire Suppression System Panel Supervision. 


3-8.3.3.3.1 A supervisory signal shall indicate the off-normal 
condition and its restoration to normal as required by the sys- 
tem employed. 


3-8.3.3.3.2* If a valve is installed in the connection between 
an alarm-initiating device intended to signal activation of a fire 
suppression system and the fire suppression system, the valve 
shall be supervised in accordance with the requirements of 
Chapter 2. 


3-8.3.4 Trouble Signal Initiation. 


3-8.3.4.1 Automatic fire suppression system alarm-initiating 
devices and supervisory signal-initiating devices and their cir- 
cuits shall be designed and installed so that they cannot be 
subject to tampering, opening, or removal without initiating a 
signal. This provision shall include junction boxes installed 
outside of buildings to facilitate access to the initiating device 
circuit. 


Exception No. 1: Covers of junction boxes inside of buildings. 
Exception No. 2: Tamperproof screws or other equivalent mechanical 


means shall be permitted for preventing access to junction boxes in- 
stalled outside buildings. 


3-8.3.4.2 The integrity of each fire suppression system actuat- 
ing device and its circuit shall be supervised in accordance 
with 1-5.8.1 and with other applicable NFPA standards. 


3-8.4 Fire Alarm System Outputs. 


3-8.4.1 Occupant Notification. Fire alarm systems provided 
for evacuation or relocation of occupants shall have one or 
more notification appliances listed for the purpose on each 
floor of the building and so located such that they have the 


1999 Edition 


characteristics described in Chapter 4 for public mode or pri- 
vate mode, as required. 

Notification zones shall be consistent with the emergency 
response or evacuation plan for the protected premises. The 
boundaries of notification zones shall be coincident with 
building outer walls, building fire or smoke compartment 
boundaries, floor separations, or other fire safety subdivisions. 


3-8.4.1.1 Survivability. 


3-8.4.1.1.1 Paragraph 3-8.4.1.1 applies only to systems used 
for partial evacuation or relocation of occupants. 


3-8.4.1.1.2 A single notification appliance circuit shall not 
serve more than one notification zone. 


3-8.4.1.1.3* The system shall be designed so that failure of 
equipment or a fault on one or more installation wiring con- 
ductors of one notification appliance circuit shall not result in 
functional loss of any other notification appliance circuit. 


3-8.4.1.1.4* Notification appliance circuits and any other cir- 
cuits necessary for the operation of the notification appliance 
circuits shall be protected from the point at which they exit the 
control unit until the point that they enter the notification zone 
that they serve using one or more of the following methods: 


(1) A 2-hour rated cable assembly 

(2) A 2-hour rated shaft or enclosure 

(3) A 2-hour rated stairwell in a building fully sprinklered in 
accordance with NFPA 13, Standard for the Installation of 
Sprinkler Systems 


3-8.4.1.2* Distinctive Evacuation Signal. 


3-8.4.1.2.1 To meet the requirements of 1-5.4.7, the fire alarm 
signal used to notify building occupants of the need to evacu- 
ate (leave the building) shall be in accordance with ANSI 
$3.41, Audible Emergency Evacuation Signal. 


3-8.4.1.2.2 The use of the American national standard evacu- 
ation signal shall be restricted to situations where it is desired 
that all occupants hearing the signal evacuate the building 
immediately. It shall not be used where, with the approval of 
the authority having jurisdiction, the planned action during a 
fire emergency is not evacuation, but rather is the relocation 
of occupants or their protection in place as directed by fire- 
fighting personnel. 


3-8.4.1.2.3* The American national standard evacuation sig- 
nal shall be synchronized within a notification zone. 


3-8.4.1.3 Emergency Voice/Alarm Communications. Emergency 
voice/alarm communications service shall be provided by a 
system with automatic or manual voice capability that is 
installed to provide voice instructions to the building occu- 
pants where it is intended that there be only partial or selective 
evacuation or directed relocation of building occupants in the 
event of a fire. 


Exception: If emergency voice/alarm communications are used to au- 
tomatically and simultaneously notify all occupants to evacuate the 
protected premises during a fire emergency, manual or selective paging 
shall not be required, but, if provided, shall meet the requirements of 
Section 3-8.4.1.3. 


3-8.4.1.3.1 Application. Subparagraph 3-8.4.1.3 describes the 
requirements for emergency voice/alarm communications. 
The primary purpose is to provide dedicated manual and 
automatic facilities for the origination, control, and transmis- 
sion of information and instructions pertaining to a fire alarm 
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emergency to the occupants (including fire department per- 
sonnel) of the building. It shall be the intent of 3-8.4.1.3 to 
establish the minimum requirements for emergency voice/ 
alarm communications. 


3-8.4.1.3.2 Monitoring of the integrity of speaker amplifiers, 
tone-generating equipment, and two-way telephone commu- 
nications circuits shall be in accordance with 1-5.8.6. 


3-8.4.1.3.3. Fire Command Center Survivability. 


3-8.4.1.3.3.1 A fire command center shall be provided in 
accordance with 3-8.4.1.3.3. 


Exception: If emergency voice/alarm communications are used to au- 
tomatically and simultaneously notify all occupants to evacuate the 
protected premises during a fire emergency, a fire command center 
shall not be required, but, if provided, shall meet the requirements of 
3-8.4.1.3. 


3-8.4.1.3.3.2 The fire command center and the central con- 
trol unit shall be located within a minimum 1-hour rated fire- 
resistive area and shall have a minimum 3-ft (1-m) clearance 
from the front of the fire command center control equip- 
ment. 


Exception: If approved by the authority having jurisdiction, the fire 
command center control equipment shall be permitted to be located in 
a lobby or other approved space. 


3-8.4.1.3.3.3 If the fire command center control equipment is 
remote from the central control equipment, the following 
requirements shall apply: 


(1) The interconnecting wiring shall be provided with 
mechanical protection by installing the wiring in metal 
conduit or metal raceway. 

(2) The interconnecting wiring shall be provided with resis- 
tance to attack from a fire by routing the wiring through 
areas whose characteristics are at least equal to the lim- 
ited-combustible characteristics defined in NFPA 90A, 
Standard for the Installation of Air Conditioning and Ventilat- 
ing Systems. 

(3) Ifthe interconnecting wiring exceeds 100 ft (30 m), addi- 
tional resistance to attack from a fire shall be provided by 
doing either of the following: 


a. Installing the wiring in metal conduit or metal race- 
way in a 2-hour fire-rated enclosure 

b. Enclosing the wiring in a 2-hour fire-rated cable 
assembly and installing the cable in metal conduit or 
metal raceway 


3-8.4.1.3.4 Power Supplies. 


3-8.4.1.3.4.1 The wiring between the central control equip- 
ment and the primary power supply shall be routed through 
areas whose characteristics are at least equal to the limited- 
combustible characteristics as defined in NFPA 90A, Standard 
for the Installation of Air Conditioning and Ventilating Systems. 


3-8.4.1.3.4.2 The secondary (standby) power supply shall be 
provided in accordance with 1-5.2.5. 


Exception: Where emergency voice/alarm communications are used to 
notify all occupants automatically and simultaneously to evacuate the 
protected premises during a fire emergency in meeting the requirements 
of 1-5.2.5, the secondary supply shall be required to be capable of oper- 
ating the system during a fire or other emergency condition for a period 
of 5 minutes rather than 2 hours. 


3-8.4.1.3.5 Voice/Alarm Signaling Service. 


3-8.4.1.3.5.1* General. The purpose of the voice/alarm sig- 
naling service shall be to provide an automatic response to the 
receipt of a signal indicative of a fire emergency. Subsequent 
manual control capability of the transmission and audible 
reproduction of evacuation tone signals, alert tone signals, 
and intelligible voice directions on a selective and all-call basis, 
as determined by the authority having jurisdiction, shall also 
be required from the fire command center. 


Exception No. 1: If the fire command center or remote monitoring 
location is constantly attended by trained operators, and operator 
acknowledgment of receipt of a fire alarm signal is received within 
30 seconds, automatic response shall not be required. 


Exception No. 2: If emergency voice/alarm communications are used 
to notify all occupants automatically and simultaneously to evacuate 
the protected premises during a fire emergency, the ability to give voice 
directions on a selective basis shall not be required but, if provided, 
shall meet the requirements of 3-8.4.1.3. 


3-8.4.1.3.5.2 Multichannel Capability. If required by the 
authority having jurisdiction, the system shall allow the appli- 
cation of an evacuation signal to one or more zones and, at the 
same time, shall allow voice paging to the other zones selec- 
tively or in any combination. 


3-8.4.1.3.5.3 Functional Sequence. 


3-8.4.1.3.5.3.1 In response to an initiating signal indicative of 
a fire emergency, the system shall automatically transmit the 
following either immediately or after a delay acceptable to the 
authority having jurisdiction. 


(a) If the emergency voice/alarm communications service 
is used to transmit a voice evacuation message, the voice mes- 
sage shall be preceded and followed by a minimum of two 
cycles of the audible emergency evacuation signal specified in 
3-8.4.1.2. 

(b) If the emergency voice/alarm communications ser- 
vice is used to transmit relocation instructions or other non- 
evacuation messages, a continuous alert tone of 3-second to 
10-second duration followed by a message (or messages 
where multichannel capability is provided) shall be repeated 
at least three times to direct the occupants of the alarm signal 
initiation zone and other zones in accordance with the build- 
ing’s fire evacuation plan. 

(c) An evacuation signal shall be transmitted to the alarm 
signal initiation zone and other zones in accordance with the 
building’s fire evacuation plan. 


Exception: If emergency voice/alarm communications are used to no- 
tify all occupants automatically and simultaneously to evacuate the 
protected premises during a fire emergency, and the functional se- 
quence described in 3-8.4.1.3.5.3.1(a) is provided, the capability to 
notify portions of the protected premises selectively shall not be required, 
but, if provided, shall meet the requirements of 3-8.4.1.3. 


3-8.4.1.3.5.3.2 Failure of the message described by 3- 
8.4.1.3.5.3.1(a), if used, shall sound the evacuation signal 
automatically. Provisions for manual initiation of voice 
instructions or evacuation signal generation shall be provided. 


Exception No. 1: Other functional sequences shall be permitted if ap- 
proved by the authority having jurisdiction. 


Exception No. 2: If emergency voice/alarm communications are used 
to notify all occupants automatically and simultaneously to evacuate 
the protected premises during a fire emergency, provision for manual 
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initiation of voice instructions shall not be required, but, if provided, 
shall meet the requirements of 3-8.4.1.3. 


3-8.4.1.3.5.3.3 Live voice instructions shall override all previ- 
ously initiated signals on that channel and shall have priority 
over any subsequent automatically initiated signals on that 
channel. If multichannel application is required, subsequent 
alarms shall be activated in accordance with 3-8.4.1.3.5.2. 


Exception: If emergency voice/alarm communications are used to no- 
tify all occupants automatically and simultaneously to evacuate the 
protected premises during a fire emergency, the ability to give live voice 
instructions shall not be required, but, if provided, shall meet the re- 
quirements of 3-8.4.1.3. 


3-8.4.1.3.5.3.4 If provided, manual controls for emergency 
voice/alarm communications shall be arranged to provide vis- 
ible indication of the on-off status for their associated evacua- 
tion zones. 


3-8.4.1.3.5.4 Voice and Tone Devices. The alert tone preced- 
ing any message shall be permitted to be a part of the voice 
message or to be transmitted automatically from a separate 
tone generator. 


3-8.4.1.3.5.5 Fire Command Center. 


3-8.4.1.3.5.5.1* A fire command center shall be provided at a 
building entrance or other location approved by the authority 
having jurisdiction. The fire command center shall provide a 
communications center for the arriving fire department and 
shall provide for control and display of the status of detection, 
alarm, and communications systems. The fire command cen- 
ter shall be permitted to be physically combined with other 
building operations and security centers as permitted by the 
authority having jurisdiction. Operating controls for use by 
the fire department shall be clearly marked. 


3-8.4.1.3.5.5.2 The fire command center shall control the 
emergency voice/alarm communications signaling service 
and, if provided, the two-way telephone communications ser- 
vice. All controls for manual initiation of voice instructions 
and evacuation signals shall be located or secured to restrict 
access to trained and authorized personnel. 


3-8.4.1.3.5.5.3* If there are multiple fire command centers, 
the center in control shall be identified by a visible indication 
at that center. 


3-8.4.1.3.5.6 Loudspeakers. 


3-8.4.1.3.5.6.1 Loudspeakers and their enclosures shall be 
installed in accordance with Chapter 4. 


3-8.4.1.3.5.6.2* There shall be at least two loudspeakers 
located in each paging zone of the building. Each of the loud- 
speakers shall meet the requirements of Chapter 4. 


3-8.4.1.3.5.6.3 Each elevator car shall be equipped with a sin- 
gle loudspeaker connected to the paging zone that serves the 
elevator group in which the elevator is located. 


Exception: If permitted by the authority having jurisdiction, or if in 
existing elevator cars where two-way communications by approved 
means are provided between each elevator car and the fire command 
center. 


3-8.4.1.3.5.6.4 Each enclosed stairway exceeding two stories 
in height shall be equipped with loudspeakers connected to a 
separate paging zone. 
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3-8.4.1.3.6 Evacuation Signal Zoning. 


3-8.4.1.3.6.1* Undivided fire or smoke areas shall not be 
divided into multiple evacuation signaling zones. 


3-8.4.1.3.6.2 If multiple notification appliance circuits are 
provided within a single evacuation signaling zone, all of the 
notification appliances within the zone shall be arranged to 
activate simultaneously, either automatically or by actuation of 
a common, manual control. 


Exception: Where the different notification appliance circuits within an 
evacuation signaling zone perform separate functions, for example, pres- 
ignal and general alarm signals, predischarge and discharge signals. 


3-8.4.1.3.7 Two-Way Telephone Communications Service. 


3-8.4.1.3.7.1 Two-way telephone communications equipment 
shall be listed for two-way telephone communications service 
and installed in accordance with 3-8.4.1.3.7. 


3-8.4.1.3.7.2 Two-way telephone communications service, if 
provided, shall be for use by the fire service. Additional uses, 
if specifically permitted by the authority having jurisdiction, 
shall be permitted to include signaling and communications 
for a building fire warden organization, signaling and commu- 
nications for reporting a fire and other emergencies (for 
example, voice call box service, signaling, and communica- 
tions for guard’s tour service), and other uses. Variation of 
equipment and system operation provided to facilitate addi- 
tional use of the two-way telephone communications service 
shall not adversely affect performance when used by the fire 
service. 


3-8.4.1.3.7.3* Two-way telephone communications service 
shall be capable of permitting the simultaneous operation of 
any five telephone stations in a common talk mode. 


3-8.4.1.3.7.4 A notification signal at the fire command center, 
distinctive from any other alarm or trouble signal, shall indi- 
cate the off-hook condition of a calling telephone circuit. Ifa 
selective talk telephone communications service is supplied, a 
distinctive visible indicator shall be furnished for each select- 
able circuit so that all circuits with telephones off-hook are 
continuously and visibly indicated. 


Exception: If emergency voice/alarm communications are used to no- 
tify all occupants automatically and simultaneously to evacuate the 
protected premises during a fire emergency, signals from the two-way 
telephone system shall be required to indicate only at a location ap- 
proved by the authority having jurisdiction. 


3-8.4.1.3.7.5 A means for silencing the audible call-in signal 
sounding appliance shall be permitted, provided it is key-oper- 
ated, in a locked cabinet, or provided with protection to pre- 
vent use by unauthorized persons. The means shall operate a 
visible indicator and sound a trouble signal whenever the 
means is in the silence position and there are no telephone 
circuits in an off-hook condition. If a selective talk system is 
used, such a switch shall be permitted, provided subsequent 
telephone circuits going off-hook operate the distinctive off- 
hook audible signal sounding appliance. 


3-8.4.1.3.7.6 Minimum Systems. As a minimum (for fire ser- 
vice use only), two-way telephone systems shall be common 
talk (that is, a conference or party line circuit), providing at 
least one telephone station or jack per floor and at least one 
telephone station or jack per exit stairway. In buildings 
equipped with a fire pump(s), a telephone station or jack shall 
be provided in each fire pump room. 
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3-8.4.1.3.7.7 Fire Warden Use. If the two-way telephone sys- 
tem is intended to be used by fire wardens in addition to the 
fire service, the minimum requirement shall be a selective talk 
system (where phones are selected from the fire command 
center). Systems intended for fire warden use shall provide 
telephone stations or jacks as required for fire service use and 
additional telephone stations or jacks as necessary to provide 
at least one telephone station or jack in each voice paging 
zone. Telephone circuits shall be selectable from the fire com- 
mand center either individually or, if approved by the author- 
ity having jurisdiction, by floor or stairwell. 


3-8.4.1.3.7.8 If the control equipment provided does not indi- 
cate the location of the caller (common talk systems), each 
telephone station or telephone jack shall be clearly and per- 
manently labeled to allow the caller to identify his or her loca- 
tion to the fire command center by voice. 


3-8.4.1.3.7.9 If telephone jacks are provided, two or more por- 
table handsets, as determined by the authority having jurisdic- 
tion, shall be stored at the fire command center for use by 
emergency responders. 


3-8.4.2* Signal Annunciation. 


3-8.4.2.1 Protected premises fire alarm systems shall be 
arranged to annunciate alarm, supervisory, and trouble sig- 
nals in accordance with 1-5.7. 


3-8.4.2.2. Concealed Detectors. If a remote alarm indicator is 
provided for an automatic fire detector in a concealed loca- 
tion, the location of the detector and the area protected by the 
detector shall be prominently indicated at the remote alarm 
indicator by a permanently attached placard or by other 
approved means. 


3-8.4.3 Suppression System Actuation. 


3-8.4.3.1 If automatic or manual activation of a fire suppres- 
sion system is to be performed through a fire alarm control 
unit, the control unit shall be listed for releasing service. 


3-8.4.3.2. Each releasing device (for example, solenoid, relay) 
shall be monitored for integrity (supervised) in accordance 
with applicable NFPA standards. 


3-8.4.3.3 The integrity of the installation wiring shall be mon- 
itored in accordance with the requirements of Chapter 1. 


3-8.4.3.4 Fire alarm systems used for fire suppression releas- 
ing service shall be provided with a disconnect switch to allow 
the system to be tested without activating the fire suppression 
systems. Operation of the disconnect switch shall cause a trou- 
ble signal at the fire alarm control unit. 


3-8.4.3.5 Sequence of operation shall be consistent with the 
applicable suppression system standards. 


3-8.4.3.6* Each space protected by an automatic fire suppres- 
sion system actuated by the fire alarm system shall contain one 
or more automatic fire detectors installed in accordance with 
Chapter 2. 


3-8.4.3.7 Suppression systems or groups of systems shall be 
controlled by a single control unit that monitors the associ- 
ated initiating device(s), actuates the associated releasing 
device(s), and controls the associated agent release notifica- 
tion appliances. If the releasing panel is located in a protected 
premises having a separate fire alarm system, it shall be moni- 
tored by, but shall not be dependent on or affected by, the 


operation or failure of the protected premises fire alarm sys- 
tem. 


Exception: If the configuration of multiple control units is listed for re- 
leasing device service, and if a trouble condition or manual disconnect 
on either control unit causes a trouble or supervisory signal, the inati- 
ating devices on one control unit shall be permitted to actuate releasing 
devices on another control unit. 


3-8.4.3.8 Fire alarm systems performing suppression system 
releasing functions shall be installed in such a manner that 
they are effectively protected from damage caused by activa- 
tion of the suppression system(s) they control. 


3-8.4.4 Off-Premises Signals. 


3-8.4.4.1 Systems requiring transmission of signals to continu- 
ously attended locations providing supervising station service 
(for example, central station, proprietary, supervising station, 
remote supervising station) shall also comply with the applica- 
ble requirements of Chapter 5. 


3-8.4.4.2 Trouble Signals to Supervising Station. 


3-8.4.4.2.1 Relays or modules providing transmission of trou- 
ble signals to a supervising station shall be arranged to provide 
fail-safe operation. 


3-8.4.4.2.2 Means provided to transmit trouble signals to 
supervising stations shall be arranged so as to transmit a trou- 
ble signal to the supervising station for any trouble condition 
received at the protected premises control unit, including loss 
of primary or secondary power. 


3-8.5 Guard’s Tour Supervisory Service. 


3-8.5.1 Guard’s tour reporting stations shall be listed for the 
application. 


3-8.5.2 The number of guard’s tour reporting stations, their 
locations, and the route to be followed by the guard for oper- 
ating the stations shall be approved for the particular installa- 
tion in accordance with NFPA 601, Standard for Security Services 
in Fire Loss Prevention. 


3-8.5.3_ A permanent record indicating every time each signal- 
transmitting station is operated shall be made at the main con- 
trol unit. Where intermediate stations that do not transmit a 
signal are employed in conjunction with signal-transmitting 
stations, distinctive signals shall be transmitted at the begin- 
ning and end of each tour ofa guard, and a signal-transmitting 
station shall be provided at intervals not exceeding 10 stations. 
Intermediate stations that do not transmit a signal shall be 
capable of operation only in a fixed sequence. 


3-8.6 Suppressed (Exception Reporting) Signal System. 


3-8.6.1 The suppressed signal system shall comply with the 
provisions of 3-8.5.2. 


3-8.6.2 The system shall transmit a start signal to the signal- 
receiving location and shall be initiated by the guard at the 
start of continuous tour rounds. 


3-8.6.3 The system shall automatically transmit a delinquency 
signal within 15 minutes after the predetermined actuation 
time if the guard fails to actuate a tour station as scheduled. 


3-8.6.4 A finish signal shall be transmitted within a predeter- 
mined interval after the guard’s completion of each tour of 
the premises. 
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3-8.6.5 For periods of over 24 hours during which tours are 
continuously conducted, a start signal shall be transmitted at 
least every 24 hours. 


3-8.6.6 The start, delinquency, and finish signals shall be 
recorded at the signal-receiving location. 


3-9 Protected Premises Fire Safety Functions. 


3-9.1 Scope. The provisions of Section 3-9 shall cover the 
minimum requirements for the interconnection of protected 
premises fire safety functions (for example, fan control, door 
control) to the fire alarm system in accordance with 1-5.4.1. 


3-9.2. General. 


3-9.2.1 A listed relay or other listed appliance connected to 
the fire alarm system used to initiate control of protected pre- 
mises fire safety functions shall be located within 3 ft (1 m) of 
the controlled circuit or appliance. The relay or other appli- 
ance shall function within the voltage and current limitations 
of the fire alarm control unit. The installation wiring between 
the fire alarm control unit and the relay or other appliance 
shall be monitored for integrity. 


Exception: Relays or appliances that operate on loss of power shall be 
considered self-monitoring for integrity. 


3-9.2.2 Fire safety functions shall not interfere with other 
operations of the fire alarm system. 


3-9.2.3 The method(s) of interconnection between the fire 
alarm system and controlled electrical and mechanical systems 
shall be monitored for integrity in accordance with 1-5.8; shall 
comply with the applicable provisions of NFPA 70, National 
Electrical Code, Article 760; and shall be achieved by one of the 
following recognized means: 


(1) Electrical contacts listed for the connected load 

(2) Listed digital data interfaces, such as serial communica- 
tions ports and gateways 

(3) Other listed methods 


3-9.2.4 Fire safety function control devices and gateways shall 
be listed as compatible with the fire alarm control unit so as to 
prevent interference with control unit operation caused by 
controlled devices and to ensure transmission of data to oper- 
ate the controlled devices. 


3-9.2.5 Ifa fire alarm system is a component of a life safety net- 
work, and it communicates data to other systems providing life 
safety functions or it receives data from such systems, the fol- 
lowing shall apply: 

(a) The path used for communicating data shall be moni- 
tored for integrity. This shall include monitoring the physical 
communication media and the ability to maintain intelligible 
communications. 

(b) Data received from the network shall not affect the 
operation of the fire alarm system in any way other than to dis- 
play the status of life safety network components. 

(c) Where non-fire alarm systems are interconnected to 
the fire alarm system using a network or other digital commu- 
nication technique, a signal (for example, heartbeat, poll, 
ping, query) shall be generated between the fire alarm system 
and the non-fire alarm system. Failure of proper receipt by the 
fire alarm system of confirmation of the transmission shall 
indicate a trouble signal within 200 seconds. 


3-9.2.6 The operation of all fire safety functions shall be veri- 
fied by an operational test at the time of system acceptance. 
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3-9.3 Elevator Recall for Fire Fighters’ Service. 


3-9.3.1* System-type smoke detectors located in elevator lob- 
bies, elevator hoistways, and elevator machine rooms used to 
initiate fire fighters’ service recall shall be connected to the 
building fire alarm system. In facilities without a building fire 
alarm system, these smoke detectors shall be connected to a 
dedicated fire alarm system control unit that shall be desig- 
nated as “elevator recall control and supervisory panel,” per- 
manently identified on the control unit and on the record 
drawings. Unless otherwise required by the authority having 
jurisdiction, only the elevator lobby, elevator hoistway, and the 
elevator machine room smoke detectors shall be used to recall 
elevators for fire fighters’ service. 


3-9.3.2 Each elevator lobby, elevator hoistway, and elevator 
machine room smoke detector shall be capable of initiating 
elevator recall when all other devices on the same initiating 
device circuit have been manually or automatically placed in 
the alarm condition. 


3-9.3.3 A lobby smoke detector shall be located on the ceiling 
within 21 ft (6.4 m) of the centerline of each elevator door 
within the elevator bank under control of the detector. 


Exception: For lobby ceiling configurations exceeding 15 ft (4.6 m) in 
height or that are other than flat and smooth, detector locations shall 
be determined in accordance with Chapter 2. 


3-9.3.4 Smoke detectors shall not be installed in elevator 
hoistways. 

Exception No. 1: Where the top of the elevator hoistway is protected by 
automatic sprinklers. 


Exception No. 2: Where a smoke detector is installed to activate the el- 
evator hoistway smoke relief equipment. 


3-9.3.5 If ambient conditions prohibit installation of auto- 
matic smoke detection, other automatic fire detection shall be 
permitted. 


3-9.3.6 When actuated, each elevator lobby, elevator hoistway, 
and elevator machine room smoke detector shall initiate an 
alarm condition on the building fire alarm system and shall 
visibly indicate, at the control unit and required remote 
annunciators, the alarm initiation circuit or zone from which 
the alarm originated. Actuation from elevator hoistway and 
elevator machine room smoke detectors shall cause separate 
and distinct visible annunciation at the control unit and 
required annunciators to alert fire fighters and other emer- 
gency personnel that the elevators are no longer safe to use. 
Actuation of these detectors shall not be required to actuate 
the system notification appliances where the alarm signal is 
indicated at a constantly attended location. 


Exception: If approved by the authority having jurisdiction, the eleva- 
tor hoistway and machine room smoke detectors shall be permitted to 
initiate a supervisory signal. 


3-9.3.7* For each group of elevators within a building, three 
separate elevator control circuits shall be terminated at the 
designated elevator controller within the group’s elevator 
machine room(s). The operation of the elevators shall be in 
accordance with Rules 211.3 through 211.8 of ANSI/ASME 
A17.1, Safety Code for Elevators and Escalators. The smoke detec- 
tors shall actuate the three elevator control circuits as follows: 


(a) The smoke detector located in the designated elevator 
recall lobby shall actuate the first elevator control circuit. In 
addition, if the elevator is equipped with front and rear doors, 
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the smoke detectors in both lobbies at the designated level 
shall actuate the first elevator control circuit. 


(b) The smoke detectors in the remaining elevator lobbies 
shall actuate the second elevator control circuit. 


(c) The smoke detectors in elevator hoistways and the ele- 
vator machine room(s) shall actuate the third elevator control 
circuit. In addition, if the elevator machine room is located at 
the designated level, its smoke detector shall also actuate the 
first elevator control circuit. 


3-9.4 Elevator Shutdown. 


3-9.4.1* Where heat detectors are used to shut down elevator 
power prior to sprinkler operation, the detector shall have 
both a lower temperature rating and a higher sensitivity as 
compared to the sprinkler. 


3-9.4.2 If heat detectors are used to shut down elevator power 
prior to sprinkler operation, they shall be placed within 2 ft 
(610 mm) of each sprinkler head and be installed in accor- 
dance with the requirements of Chapter 2. Alternatively, engi- 
neering methods, such as specified in Appendix B, shall be 
permitted to be used to select and place heat detectors to 
ensure response prior to any sprinkler head operation under 
a variety of fire growth rate scenarios. 


3-9.4.3* If pressure or waterflow switches are used to shut 
down elevator power immediately upon or prior to the dis- 
charge of water from sprinklers, the use of devices with time 
delay switches or time delay capability shall not be permitted. 


3-9.4.4* Control circuits to shut down elevator power shall be 
monitored for presence of operating voltage. Loss of voltage 
to the control circuit for the disconnecting means shall cause 
a supervisory signal to be indicated at the control unit and 
required remote annunciators. 


3-9.5 Heating, Ventilation, and Air-Conditioning (HVAC) 
Systems. 


3-9.5.1 The provisions of 3-9.5 shall apply to the basic method 
by which a fire alarm system interfaces with the HVAC systems. 


3-9.5.2 If connected to the fire alarm system serving the pro- 
tected premises, all detection devices used to cause the opera- 
tion of HVAC systems smoke dampers, fire dampers, fan 
control, smoke doors, and fire doors shall be monitored for 
integrity in accordance with 1-5.8. 


3-9.5.3 Connections between fire alarm systems and the 
HVAC system for the purpose of monitoring and control shall 
operate and be monitored in accordance with applicable 
NFPA standards. Smoke detectors mounted in the air ducts of 
HVAC systems shall initiate either an alarm signal at the pro- 
tected premises or a supervisory signal at a constantly attended 
location or supervising station. 


3-9.5.4 If the fire alarm control unit activates the HVAC sys- 
tem for the purpose of smoke control, the automatic alarm- 
initiating zones shall be coordinated with the smoke-control 
zones they actuate. 


3-9.6 Door Release Service. 


3-9.6.1 The provisions of 3-9.6 shall apply to the methods of 
connection of door hold-open release devices and to integral 
door hold-open release, closer, and smoke detection devices. 


3-9.6.2 All detection devices used for door hold-open 
release service shall be monitored for integrity in accor- 
dance with 1-5.8. 


Exception: Smoke detectors used only for door release and not for open 
area protection. 


3-9.6.3 All door hold-open release and integral door release 
and closure devices used for release service shall be monitored 
for integrity in accordance with 3-9.2. 


3-9.6.4 Magnetic door holders that allow doors to close upon 
loss of operating power shall not be required to have a second- 
ary power source. 


3-9.7 Door Unlocking Devices. 


3-9.7.1 Any device or system intended to actuate the locking 
or unlocking of exits shall be connected to the fire alarm sys- 
tem serving the protected premises. 


3-9.7.2 All exits connected in accordance with 3-9.7.1 shall 
unlock upon receipt of any fire alarm signal by means of the 
fire alarm system serving the protected premises. 


Exception: Where otherwise required or permitted by the authority hav- 
ing jurisdiction or other codes. 


3-9.7.3* All exits connected in accordance with 3-9.7.1 shall 
unlock upon loss of the primary power to the fire alarm system 
serving the protected premises. The secondary power supply 
shall not be utilized to maintain these doors in the locked con- 
dition. 


3-9.7.4 If exit doors are unlocked by the fire alarm system, the 
unlocking function shall occur prior to or concurrent with 
activation of any public-mode notification appliances in the 
area(s) served by the normally locked exits. 


3-10* Special Requirements for Low-Power Radio (Wireless) 
Systems. 


3-10.1* Compliance with Section 3-10 shall require the use of 
low-power radio equipment specifically listed for the purpose. 


3-10.2 Power Supplies. A primary battery (dry cell) shall be 
permitted to be used as the sole power source of a low-power 
radio transmitter where all of the following conditions are met: 


(a) Each transmitter shall serve only one device and shall 
be individually identified at the receiver/control unit. 


(b) The battery shall be capable of operating the low- 
power radio transmitter for not less than 1 year before the bat- 
tery depletion threshold is reached. 


(c) A battery depletion signal shall be transmitted before 
the battery has depleted to a level insufficient to support alarm 
transmission after 7 additional days of non-alarm operation. 
This signal shall be distinctive from alarm, supervisory, 
tamper, and trouble signals; shall visibly identify the affected 
low-power radio transmitter; and, when silenced, shall auto- 
matically re-sound at least once every 4 hours. 


(d) Catastrophic (open or short) battery failure shall cause 
a trouble signal identifying the affected low-power radio trans- 
mitter at its receiver/control unit. When silenced, the trouble 
signal shall automatically re-sound at least once every 4 hours. 

(e) Any mode of failure of a primary battery in a low-power 
radio transmitter shall not affect any other low-power radio 
transmitter. 
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3-10.3 Alarm Signals. 


3-10.3.1* When actuated, each low-power radio transmitter 
shall automatically transmit an alarm signal. 


3-10.3.2. Each low-power radio transmitter shall automatically 
repeat alarm transmission at intervals not exceeding 60 sec- 
onds until the initiating device is returned to its non-alarm 
condition. 


3-10.3.3 Fire alarm signals shall have priority over all other 
signals. 


3-10.3.4 Low-power wireless systems shall comply with the 
requirements of 1-5.4.1.2 and 1-5.4.2.2. 


3-10.3.5 An alarm signal from a low-power radio transmitter 
shall latch at its receiver/control unit until manually reset and 
shall identify the particular initiating device in alarm. 


3-10.4 Monitoring for Integrity. 


3-10.4.1 The low-power radio transmitter shall be specifically 
listed as using a transmission method that is highly resistant to 
misinterpretation of simultaneous transmissions and to inter- 
ference (for example, impulse noise and adjacent channel 
interference). 


3-10.4.2 The occurrence of any single fault that disables trans- 
mission between any low-power radio transmitter and the 
receiver/control unit shall cause a latching trouble signal 
within 200 seconds. 


Exception: Where Federal Communications Commission (FCC) regu- 
lations prevent meeting the 200-second requirement, the time period for 
a low-power radio transmitter with only a single, connected alarm-ini- 
tiating device shall be permitted to be increased to four times the mini- 
mum time interval permitted for a I-second transmission up to the 
following: 


(a) Four hours maximum for a transmitter serving a single initi- 
ating device 


(b) Four hours maximum for a retransmission device (repeater) 
where disabling of the repeater or its transmission does not prevent the 
receipt of signals at the receiver/control unit from any initiating 
device transmitter 


3-10.4.3 A single fault on the signaling channel shall not 
cause an alarm signal. 


3-10.4.4 The periodic transmission required to comply with 
3-10.4.2 from a low-power radio transmitter shall ensure suc- 
cessful alarm transmission capability. 


3-10.4.5 Removal of a low-power radio transmitter from its 
installed location shall cause immediate transmission of a dis- 
tinctive supervisory signal that indicates its removal and indi- 
vidually identifies the affected device. 


Exception: This requirement shall not apply to dwelling unit fire 
warning systems. 


3-10.4.6 Reception of any unwanted (interfering) transmis- 
sion by a retransmission device (repeater) or by the main 
receiver/control unit, for a continuous period of 20 seconds 
or more, shall cause an audible and visible trouble indication 
at the main receiver/control unit. This indication shall iden- 
tify the specific trouble condition as an interfering signal. 


3-10.5 Suppression systems or groups of systems shall be con- 
trolled by a single control unit that monitors the associated ini- 
tiating devices, actuates the associated releasing device (s), and 
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controls the associated agent release notification appliances. 
If the releasing panel is located in a protected premises having 
a separate fire alarm system, it shall be monitored for alarm, 
supervisory and trouble signals by, but shall not be dependent 
on or affected by, the operation or failure of the protected 
premises fire alarm system. 


Exception: If the configuration of multiple control units is listed for re- 
leasing device service, and if a trouble condition or manual disconnect 
on either control unit causes a trouble or supervisory signal, the initi- 
ating devices on one control unit shall be permitted to actuate releasing 
devices on another control unit. 


3-10.6 Fire alarm systems performing suppression system 
releasing functions shall be installed in such a manner that 
they are effectively protected from damage caused by activa- 
tion of the suppression system(s) they control. 


3-10.7 Output Signals from Receiver/Control. When the 
receiver/control is used to activate remote appliances, such as 
notification appliances and relays, by wireless means, the 
remote appliances shall meet the following requirements: 


(1) Power supplies shall comply with Chapter 1 or the 
requirements of 3-10.2. 

(2) All supervision requirements of Chapter 1, Chapter 3, or 
3-10.4 shall apply. 

(3) The maximum allowable response delay from activation 
of an initiating device to activation of required alarm 
functions shall be 90 seconds. 

(4) Each receiver/control shall automatically repeat alarm 
transmission at intervals not exceeding 60 seconds or 
until confirmation that the output appliance has received 
the alarm signal. 

(5) The appliances shall continue to operate (latch-in) until 
manually reset at the receiver/control. 


Chapter 4 Notification Appliances for 
Fire Alarm Systems 


4-1* Scope. 


4-1.1 Requirements. Chapter 4 shall cover requirements for 
the performance, location, and mounting of fire alarm system 
notification appliances used to initiate evacuation or reloca- 
tion of the occupants, or for providing information to occu- 
pants or staff. Chapter 4 shall also cover the requirements for 
the performance, location, and mounting of annunciators, 
displays, and printers used to display or record information 
for use by protected premises occupants or staff, responding 
emergency personnel, or supervising station personnel. 


4-1.2 Use. These requirements shall be used with other 
NFPA standards that deal specifically with fire alarm, extin- 
guishment, or control systems. Notification appliances for fire 
alarm systems shall add to fire protection by providing stimuli 
for initiating emergency action. 


4-1.3 All notification appliances installed in conformity with 
Chapter 4 shall be listed for the purpose for which they are 
used. 


4-1.4 The requirements of Chapter 4 shall be intended to 
address the reception of a notification signal and not the sig- 
nal’s information content. 


4-1.5 Interconnection of Appliances. The interconnection of 
appliances, the control configurations, the power supplies, 
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and the use of the information provided by notification appli- 
ances for fire alarm systems shall be described in Chapter 1 
and Chapter 3. 


4-2 General. 
4-2.1 Nameplates. 


4-2.1.1 Notification appliances shall include on their name- 
plates reference to electrical requirements and rated audible 
or visible performance, or both, as defined by the listing 
authority. 


4-2.1.2 The audible appliances shall include on their name- 
plates reference to their parameters or reference to installa- 
tion documents (supplied with the appliance) that include 
the parameters in accordance with 4-3.2. The visible appli- 
ances shall include on their nameplates reference to their 
parameters or reference to installation documents (supplied 
with the appliance) that include the parameters in accor- 
dance with 4-4.2.1. 


4-2.2 Physical Construction. Appliances intended for use in 
special environments, such as, outdoors versus indoors, high 
or low temperatures, high humidity, dusty conditions, and 
hazardous locations, or where subject to tampering shall be 
listed for the intended application. 


4-2.3* Mechanical Protection. If subject to obvious mechani- 
cal damage, appliances shall be suitably protected. If guards or 
covers are employed, they shall be listed for use with the appli- 
ance. Their effect on the appliance’s field performance shall 
be in accordance with the listing requirements. 


4-2.4 Mounting. In all cases, appliances shall be supported 
independently of their attachments to the circuit conductors 
and shall be mounted in accordance with the manufacturer’s 
instruction. 


4-2.5* Connection to the Fire Alarm System. Terminals or 
leads, or their equivalent, shall be provided on each notifica- 
tion appliance for the express purpose of connecting into the 
fire alarm system to monitor the integrity of the connections. 


4-3 Audible Characteristics. 
4-3.1 General Requirements. 


4-3.1.1* An average ambient sound level greater than 105 dBA 
shall require the use of a visible signal appliance(s) in accor- 
dance with Section 4-4. 


4-3.1.2 The total sound pressure level produced by combin- 
ing the ambient sound pressure level with all audible signaling 
appliances operating shall not exceed 120 dBA anywhere in 
the occupied area. 


4-3.1.3 Sound within the occupied area, from a temporary or 
abnormal source, shall not be required to be included in mea- 
suring maximum ambient sound level. 


4-3.1.4* Mechanical Equipment Rooms. If audible appli- 
ances are installed in mechanical equipment rooms, the aver- 
age ambient sound level used for design guidance shall be at 
least 85 dBA for all occupancies. 


4-3.1.5* Emergency voice/alarm communications systems 
shall be capable of the reproduction of prerecorded, synthe- 
sized, or live (for example, microphone, telephone handset, 
and radio) messages with voice intelligibility. 


4-3.2* Public Mode Audible Requirements. 


4-3.2.1 Audible notification appliances intended for opera- 
tion in the public mode shall have a sound level of not less 
than 75 dBA at 10 ft (3 m) or more than 120 dBA at the mini- 
mum hearing distance from the audible appliance. 


4-3.2.2* To ensure that audible public mode signals are 
clearly heard, they shall have a sound level at least 15 dBA 
above the average ambient sound level or 5 dBA above the 
maximum sound level having a duration of at least 60 seconds, 
whichever is greater, measured 5 ft (1.5 m) above the floor in 
the occupiable area. 


Exception No. 1: Audible alarm notification appliances installed in 
elevator cars shall be permitted to use the audibility criteria for private 
mode appliances detailed in 4-3. 3.2. 


Exception No. 2: If approved by the authority having jurisdiction, au- 
dible alarm notification appliances installed in restrooms shall be per- 
mitted to use the audibility criteria for private mode appliances detailed 
in 4-3,3.2. 


Exception No. 3: If permitted by the authority having jurisdiction, a 
Jire alarm system arranged to stop or reduce ambient noise shall be per- 
mitted to produce a sound level at least 15 dBA above the reduced av- 
erage ambient sound level or 5 dBA above the maximum sound level 
having a duration of at least 60 seconds after reduction of the ambient 
noise level, whichever is greater, measured 5 ft (1.5 m) above the floor 
in the occupiable area. Visible notification appliances shall be installed 
in the affected areas in accordance with Sections 4-4 or 4-5. Relays, cir- 
cuits, or interfaces necessary to stop or reduce ambient noise shall meet 
the requirements of Chapters 1 and 3. 


4-3.3 Private Mode Audible Requirements. 


4-3.3.1 Private Mode. Audible notification appliances intended 
for operation in the private mode shall have a sound level of not 
less than 45 dBA at 10 ft (3 m) or more than 120 dBA at the min- 
imum hearing distance from the audible appliance. 


4-3.3.2 To ensure that audible private mode signals are clearly 
heard, they shall have a sound level at least 10 dBA above the 
average ambient sound level or 5 dBA above the maximum 
sound level having a duration of at least 60 seconds, whichever 
is greater, measured 5 ft (1.5 m) above the floor in the occupi- 
able area. 


4-3.4 Sleeping Areas. Where audible appliances are installed 
to provide signals for sleeping areas, they shall have a sound 
level of at least 15 dBA above the average ambient sound level 
or 5 dBA above the maximum sound level having a duration 
of at least 60 seconds or a sound level of at least 70 dBA, which- 
ever is greater, measured at the pillow level in the occupiable 
area. If any barrier, such as a door, curtain, or retractable par- 
tition, is located between the notification appliance and the 
pillow, the sound pressure level shall be measured with the 
barrier placed between the appliance and the pillow. 


4-3.5 Location of Audible Notification Appliances. 


4-3.5.1 If ceiling heights allow, wall-mounted appliances shall 
have their tops above the finished floors at heights of not less 
than 90 in. (2.30 m) and below the finished ceilings at heights 
of not less than 6 in. (152 mm). This requirement shall not 
preclude ceiling-mounted or recessed appliances. 


Exception: Different mounting heights shall be permitted by the au- 
thority having jurisdiction provided the sound pressure level require- 
ments of 4-3.2 and 4-3.3 are met. 
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4-3.5.2 If combination audible/visible appliances are installed, 
the location of the installed appliance shall be determined by 
the requirements of 4-4.4. 


Exception: Where the combination audible/visible appliance serves as 
an integral part of a smoke detector, the mounting location shall be in 
accordance with Chapter 8. 


4-4* Visible Characteristics, Public Mode. 


4-4.1* There are two methods of visible signaling. These are 
methods in which the message of notification of an emergency 
condition is conveyed by direct viewing of the illuminating 
appliance or by means of illumination of the surrounding 
area. Public mode visible signaling shall meet the require- 
ments of Section 4-4 using visible notification appliances. 


4-4.2 Light Pulse Characteristics. The flash rate shall not 
exceed two flashes per second (2 Hz) nor be less than one 
flash every second (1 Hz) throughout the listed voltage range 
of the appliance. 


4-4.2.1 A maximum pulse duration shall be 0.2 seconds with a 
maximum duty cycle of 40 percent. The pulse duration shall 
be defined as the time interval between initial and final points 
of 10 percent of maximum signal. 


4-4.2.2* The light source color shall be clear or nominal white 
and shall not exceed 1000 cd (effective intensity). 


4-4.3* Appliance Photometrics. 


4-4.3.1 Visible notification appliances used in the public 
mode shall be located and shall be of a type, size, intensity, and 
number so that the operating effect of the appliance is seen by 
the intended viewers regardless of the viewer’s orientation. 


4-4.3.2 The light output shall comply with the polar disper- 
sion requirements of UL 1971, Standard for Safety Signaling 
Devices for the Hearing Impaired, or equivalent. 


4-4.4 Appliance Location. Wall-mounted appliances shall be 
mounted such that the entire lens is not less than 80 in. (2.03 m) 
and not greater than 96 in. (2.43 m) above the finished floor. 


4-4.4.1* Spacing in Rooms. 


44.4.1.1 Spacing shall be in accordance with Tables 4-4.4.1.1(a) 
and (b) and Figure 4-4.4.1.1. 


Visible notification appliances shall be installed in accor- 
dance with Table 4-4.4.1.1(a), using one of the following: 


1) *A single visible notification appliance. 
g PP 


(2) Two visible notification appliances located on opposite 
walls. 


(3) *More than two appliances in any field of view, spaced a 
minimum of 55 ft (16.76 m) from each other in rooms 
80 ft x 80 ft (24.4 m x 24.4 m) or greater. 


(4) More than two visible notification appliances in the same 
room or adjacent space within the field of view that flash 
in synchronization. This requirement shall not preclude 
synchronization of appliances that are not within the 
same field of view. 
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Table 4-4.4.1.1(a) Room Spacing for Wall-Mounted Visible 


Appliances 


Minimum Required Light Output 
(Effective Intensity) (cd) 


Two Lights Four 
per Room Lights per 


Maximum Room Size One (Located on Room; 
Lightper Opposite One Light 
ft m Room Wall) per Wall 
20 x 20 6.1 x 6.1 15 NA NA 
30x30 = 9.14x 9.14 30 15 NA 
40x40 12.2x12.2 60 30 15 
50x50 15.2x15.2 95 60 30 
60x60 18.3x 18.3 135 95 30 
70x70 21.3 x 21.3 185 95 60 
80x80 24.4 x 24.4 240 135 60 
90x90 27.4x 27.4 305 185 95 
100x100 30.5 x 30.5 375 240 95 
110x110 33.5 x 33.5 455 240 135 
120x120 36.6 x 36.6 540 305 135 
130 x 130 39.6 x 39.6 635 375 185 


NA: Not allowable. 


Table 4-4.4.1.1(b) Room Spacing for Ceiling-Mounted 


Visible Appliances 
Minimum 
Required 
Light Output 

Maximum Room Maximum Ceiling (Effective 

Size Height Intensity); 

One Light 
ft m ft m (cd) 
20x20 61x61 10 3.05 15 
30 x 30 9.14 x 9.14 10 3.05 30 
40x40 12.2 x 12.2 10 3.05 60 
50x50 15.2 x 15.2 10 3.05 95 
20x20 61x61 20 6.1 30 
30 x 30 9.14 x 9.14 20 6.1 45 
40x40 12.2x 12.2 20 6.1 80 
50x50 15.2 x 15.2 20 6.1 115 
20x20 61x61 30 9.14 55 
30 x 30 9.14 x 9.14 30 9.14 75 
40x40 12.2 x 12.2 30 9.14 115 
50x50 15.2 x 15.2 30 9.14 150 
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Figure 4-4.4.1.1 Room spacing for wall-mounted visible appliances. 


Visible 
appliance 


20 ft 


(6.1 m) 


30 ft 
(9.1 m) 


40 ft 
(12.2 m) 


50 ft 
(15.2 m) 


Note: Figure 4-4.4.1.1 is based on locating the visible signaling appliance 
at the halfway distance of the longest wall. In square rooms with 
appliances not centered or nonsquare rooms, the effective intensity (cd) 
from one visible signaling appliance shall be determined by maximum 
room size dimensions obtained either by measuring the distance to the 
farthest wall or by doubling the distance to the farthest adjacent wall, 
whichever is greater, as shown in Table 4-4.4.1.1(a). 


4-4.4.1.2 Room spacing for wall-mounted appliances shall be 
based on locating the visible notification appliance at the half- 
way distance of the longest wall. In square rooms with appli- 
ances not centered or nonsquare rooms, the effective intensity 
(cd) from one visible notification appliance shall be deter- 
mined by maximum room size dimensions obtained either by 
measuring the distance to the farthest wall or by doubling the 
distance to the farthest adjacent wall, whichever is greater, as 
required by Table 4-4.4.1.1(a) and Figure 4-4.4.1.1. 


4-4.4.1.3 If a room configuration is not square, the square 
room size that allows the entire room to be encompassed or 
allows the room to be subdivided into multiple squares shall 
be used. 


44.4.1.4 If ceiling heights exceed 30 ft (9.14 m), visible notifi- 
cation appliances shall be suspended at or below 30 ft (9.14 m) 
or wall-mounted in accordance with Table 4-4.4.1.1 (a). 


4-4.4.1.5 Table 4-4.4.1.1(b) shall be used if the visible notifica- 
tion appliance is at the center of the room. If the visible noti- 
fication appliance is not located at the center of the room, the 
effective intensity (cd) shall be determined by doubling the 
distance from the appliance to the farthest wall to obtain the 
maximum room size. 


4-4.4.2* Spacing in Corridors. 


44.4.2.1 Table 4-4.4.2.1 shall apply to corridors not exceeding 
20 ft (6.1 m) in width. For corridors greater than 20 ft (6.1 m) 
wide, Figure 4-4.4.1.1 and Tables 4-4.4.1.1(a) and (b) shall 
apply. In a corridor application, visible appliances shall be rated 
not less than 15 cd. 


Table 4-4.4.2.1 Corridor Spacing for Visible Appliances 


Corridor Length Minimum Number 
of 15-cd Visible 

Appliances 

ft m Required 
0-30 0-9.14 1 
31-130 9.45 — 39.6 2 
131 - 230 39.93 —'70 3 
231 — 330 70.4 — 100. 6 4 
331 — 430 100.9 — 131.1 5 
431 — 530 131.4- 161.5 6 


4-4.4.2.2* Visible notification appliances shall be located not 
more than 15 ft (4.57 m) from the end of the corridor with a 
separation not greater than 100 ft (30.4 m) between appli- 
ances. If there is an interruption of the concentrated viewing 
path, such as a fire door, an elevation change, or any other 
obstruction, the area shall be treated as a separate corridor. 


4-4.4.2.3 In corridors where there are more than two visible 
notification appliances in any field of view, they shall be 
spaced a minimum of 55 ft (16.76 m) from each other or they 
shall flash in synchronization. 


4-4.4.3 Sleeping Areas. 


4-4.4.3.1 Combination smoke detectors and visible notifica- 
tion appliances shall be installed in accordance with the appli- 
cable requirements of Chapter 2, Chapter 4, and Chapter 8. 


4-4.4.3.2* Table 4-4.4.3.2 shall apply to sleeping areas that 
have no linear dimension greater than 16 ft (4.87 m). For 
larger rooms, the visible notification appliance shall be 
located within 16 ft (4.87 m) of the pillow. 


Table 4-4.4.3.2 Effective Intensity Requirements for 
Sleeping Area Visible Notification Appliances 


Distance from Ceiling to Top of Lens 


Intensity 
in. mm (cd) 
224 610 110 
< 24 610 177 


4-4.4.4* If visible notification appliances are required, a min- 
imum of one appliance shall be installed in the concentrated 
viewing path. 


4-5 Visible Characteristics, Private Mode. Visible notification 
appliances used in the private mode shall be ofa sufficient quan- 
tity and intensity, and located so as to meet the intent of the user 
and the authority having jurisdiction. 


4-6 Supplementary Visible Signaling Method. A supplemen- 
tary visible notification appliance shall be intended to aug- 
ment an audible or visible signal. 
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4-6.1 A supplementary visible notification appliance shall 
comply with its marked rated performance. 


4-6.2 Supplementary visible notification appliances shall be 
permitted to be located less than 80 in. (2.03 m) above the 
floor. 


4-7 Textual Audible Appliances. 
4-7.1 Fire Alarm Speaker Appliances. 


4-7.1.1 Fire alarm speaker appliances shall comply with Sec- 
tion 4-3. 


4-7.1.2* The sound pressure level, in dBA, of the fire alarm 
speaker appliance evacuation tone signals of the particular 
mode installed (public or private) shall comply with all the 
requirements in 43.2 (public) or 4-3.3 (private). 


4-7.2 Telephone Appliances. 


4-7.2.1 Telephone appliances shall be in accordance with EIA 
Tr 41.3, Telephones. 


4-7.2.2 Wall-mounted telephone appliances or related jacks 
shall be not less than 36 in. (914 mm) and not more than 66 
in. (1676 mm) above floor level with clear access to the appli- 
ance that is at least 30 in. (762 mm) wide. 


Exception: If accessible to the general public, one telephone appliance 
per location shall be not more than 48 in. (1219 mm) above floor level. 


4-8* Textual Visible Appliances. 


4-8.1 Application. Textual visible appliances shall be permit- 
ted if used in addition to audible or visible, or both, notifica- 
tion appliances. 


4-8.2 Performance. The information produced by textual vis- 
ible appliances shall be legible. 


4-8.3 Location. 


4-8.3.1 Private Mode. All textual visible notification appli- 
ances in the private mode shall be located in rooms that are 
accessible only to those persons directly concerned with the 
implementation and direction of emergency action initiation 
and procedure in the areas protected by the fire alarm system. 


Exception: In locations where required by the authority having ju- 
risdiction. 


4-8.3.2 Public Mode. Textual visible notification appliances 
used in the public mode shall be located to ensure readability 
by the occupants or inhabitants of the protected area. 


Chapter 5 Supervising Station Fire Alarm Systems 


5-1* Scope. Chapter 5 shall cover the requirements for the 
performance, installation, and operation of fire alarm systems 
at a continuously attended supervising station and between 
the protected premises and the continuously attended super- 
vising station. 


5-2 Fire Alarm Systems for Central Station Service. The require- 
ments of Chapters | and 7 and Section 5-5 shall apply to cen- 
tral station fire alarm systems, unless they conflict with the 
requirements of this section. 


5-2.1 Scope. Section 5-2 shall describe the general require- 
ments and use of fire alarm systems to provide central station 
service as defined in Section 1-4. 
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5-2.2 General. 


5-2.2.1 Fire alarm systems for central station service shall 
include the central station physical plant, exterior communi- 
cations channels, subsidiary stations, and signaling equipment 
located at the protected premises. 


5-2.2.2* Section 5-2 shall apply to central station service, 
which consists of the following elements: 


(1) Installation of fire alarm transmitters 
(2) Alarm, guard, supervisory, and trouble signal monitoring 
(3) Retransmission 
(4) Associated record keeping and reporting 
(5) Testing and maintenance 
(6) Runner service 
The central station service elements shall be provided 
under contract to a subscriber by one of the following: 


(a) A listed central station that provides all of the elements 
of central station service with its own facilities and personnel. 

(b) A listed central station that provides, as a minimum, 
the signal monitoring, retransmission, and associated record 
keeping and reporting with its own facilities and personnel 
and that shall be permitted to subcontract all or any part of the 
installation, testing, and maintenance and runner service. 

(c) A listed fire alarm service—local company that provides 
the installation and testing and maintenance with its own facil- 
ities and personnel and that subcontracts the monitoring, 
retransmission, and associated record keeping and reporting 
to a listed central station. The required runner service shall be 
provided by the listed fire alarm service—local company with its 
own personnel or the listed central station with its own person- 
nel. 


5-2.2.3 The prime contractor shall conspicuously indicate 
that the fire alarm system providing service at a protected 
premises complies with all the requirements of this code by 
providing a means of third party verification, as specified in 
5-2.2.3.1 or 5-2.2.3.2. 


5-2.2.3.1 The installation shall be certificated. 


5-2.2.3.1.1 Fire alarm systems providing service that complies 
with all the requirements of this code shall be certified by the 
organization that has listed the central station, and a docu- 
ment attesting to this certification shall be located on or 
within 36 in. (1 m) of the fire alarm system control unit or, if 
no control unit exists, on or within 36 in. (1 m) of a fire alarm 
system component. 


5-2.2.3.1.2 A central repository of issued certification docu- 
ments, accessible to the authority having jurisdiction, shall be 
maintained by the organization that has listed the central sta- 
tion. 


5-2.2.3.2 The installation shall be placarded. 


5-2.2.3.2.1 Fire alarm systems providing service that complies 
with all the requirements of this code shall be conspicuously 
marked by the central station to indicate compliance. The 
marking shall be by one or more placards that meet the 
requirements of the organization that has listed the central 
station and requires the placard. 


5-2.2.3.2.2 The placard(s) shall be 20 in.? (130 cm?) or larger, 
shall be located on or within 36 in. (1 m) of the fire alarm sys- 
tem control unit or, if no control unit exists, on or within 36 in. 
(1 m) ofa fire alarm system component, and shall identify the 
central station by name and telephone number. 
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5-2.2.4* Fire alarm system service that does not comply with 
all the requirements of Section 5-2 shall not be designated as 
central station service. 


5-2.2.5* For the purpose of Section 5-2, the subscriber shall 
notify the prime contractor, in writing, of the identity of the 
authority(ies) having jurisdiction. 


5-2.3 Facilities. 


5-2.3.1 The central station building or that portion of a build- 
ing occupied by a central station shall conform to the con- 
struction, fire protection, restricted access, emergency 
lighting, and power facilities requirements of the latest edition 
of ANSI/UL 827, Standard for Safety Central-Station for Watch- 


man, Fire-Alarm and Supervisory Services. 
‘> y 


5-2.3.2 Subsidiary station buildings or those portions of build- 
ings occupied by subsidiary stations shall conform to the con- 
struction, fire protection, restricted access, emergency 
lighting, and power facilities requirements of the latest edition 
of ANSI/UL 827, Standard for Safety Central-Station for Watch- 
man, Fire-Alarm and Supervisory Services. 


5-2.3.2.1 All intrusion, fire, power, and environmental con- 
trol systems for subsidiary station buildings shall be monitored 
by the central station in accordance with 5-2.3. 


5-2.3.2.2 The subsidiary facility shall be inspected at least 
monthly by central station personnel for the purpose of ver- 
ifying the operation of all supervised equipment, all tele- 
phones, all battery conditions, and all fluid levels of batteries 
and generators. 


5-2.3.2.3 In the event of the failure of equipment at the sub- 
sidiary station or the communications channel to the central 
station, a backup shall be operational within 90 seconds. Res- 
toration of a failed unit shall be accomplished within 5 days. 


5-2.3.2.4 There shall be continuous supervision of each com- 
munications channel between the subsidiary station and the 
central station. 


5-2.3.2.5 When the communications channel between the 
subsidiary station and the supervising station fails, the commu- 
nications shall be switched to an alternate path. Public 
switched telephone network facilities shall be used only as an 
alternate path. 


5-2.3.2.6 In the subsidiary station, there shall be a communi- 
cations path, such as a cellular telephone, that is independent 
of the telephone cable between the subsidiary station and the 
serving wire center. 


5-2.3.2.7 A plan of action to provide for restoration of services 
specified by this code shall exist for each subsidiary station. 


5-2.3.2.7.1 This plan shall provide for restoration of services 
within 4 hours of any impairment that causes loss of signals 
from the subsidiary station to the central station. 


5-2.3.2.7.2 There shall be an exercise to demonstrate the ade- 
quacy of the plan at least annually. 


5-2.4 Equipment. 


5-2.4.1 The central station and all subsidiary stations shall be 
equipped so as to receive and record all signals in accordance 
with 5-5.5. Circuit-adjusting means for emergency operation 
shall be permitted to be automatic or to be provided through 
manual operation upon receipt of a trouble signal. Computer- 


aided alarm and supervisory signal processing hardware and 
software shall be listed for the specific application. 


5-2.4.2 Power supplies shall comply with the requirements of 
Chapter 1. 


5-2.4.3 Transmission means shall comply with the require- 
ments of Section 5-5. 


5-2.4.4* Two independent means shall be provided to 
retransmit a fire alarm signal to the designated public fire ser- 
vice communications center. 


5-2.4.4.1 The use of a universal emergency number, for exam- 
ple 911 public safety answering point, shall not meet the intent 
of this code for the principal means of retransmission. 


5-2.4.4.2 If the principal means of retransmission is not 
equipped to allow the communications center to acknowledge 
receipt of each fire alarm report, both means shall be used to 
retransmit. 


5-2.4.4.3* Ifrequired by the authority having jurisdiction, one 
of the means of retransmission shall be supervised so that 
interruption of retransmission circuit (channel) communica- 
tions integrity results in a trouble signal at the central station. 


5-2.4.4.4 The retransmission means shall be tested in accor- 
dance with Chapter 7. 


5-2.4.4.5 The retransmission signal and the time and date of 
retransmission shall be recorded at the central station. 


5-2.5 Personnel. 


5-2.5.1 The central station shall have sufficient personnel, but 
not less than two persons, on duty at the central station at all 
times to ensure disposition of signals in accordance with the 
requirements of 5-2.6.1. 


5-2.5.2 Operation and supervision shall be the primary func- 
tions of the operators, and no other interest or activity shall 
take precedence over the protective service. 


5-2.6 Operations. 
5-2.6.1 Disposition of Signals. 


5-2.6.1.1 Alarm signals initiated by manual fire alarm boxes, 
automatic fire detectors, waterflow from the automatic sprin- 
kler system, or actuation of other fire suppression system(s) or 
equipment shall be treated as fire alarms. 

The central station shall perform the following actions: 


(1) *Immediately retransmit the alarm to the public fire ser- 
vice communications center 

(2) Dispatch a runner or technician to the protected pre- 
mises to arrive within | hour after receipt of a signal if 
equipment needs to be manually reset by the prime con- 
tractor 

(3) Immediately notify the subscriber 

(4) Provide notice to the subscriber or authority having juris- 
diction, or both, if required 


Exception: If the alarm signal results from a prearranged test, the ac- 
tions specified by 5-2.6.1.1(1) and (3) shall not be required. 


5-2.6.1.2 Guard’s Tour Supervisory Signal. 


5-2.6.1.2.1 Upon failure to receive a guard’s tour supervisory 
signal within a 15-minute maximum grace period, the central 
station shall perform the following actions: 
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(1) Communicate without unreasonable delay with person- 
nel at the protected premises 

(2) Dispatch a runner to the protected premises to arrive 
within 30 minutes of the delinquency if communications 
cannot be established 

(3) Report all delinquencies to the subscriber or authority 
having jurisdiction, or both, if required 


5-2.6.1.2.2 Failure of the guard to follow a prescribed route in 
transmitting signals shall be handled as a delinquency. 


5-2.6.1.3* Upon receipt of a supervisory signal from a sprin- 
kler system, other fire suppression system(s), or other equip- 
ment, the central station shall perform the following actions: 


(1) *Communicate immediately with the person(s) desig- 
nated by the subscriber 

(2) Dispatch a runner or maintenance person to arrive 
within | hour to investigate 


Exception: Where the supervisory signal is cleared in accordance with 
a scheduled procedure determined by 5-2.6.1.3(1). 


(3) Notify the fire department or law enforcement agency, or 
both, if required 

(4) Notify the authority having jurisdiction when sprinkler 
systems or other fire suppression systems or equipment 
has been wholly or partially out of service for 8 hours 

(5) When service has been restored, provide notice, if 
required, to the subscriber or the authority having juris- 
diction, or both, as to the nature of the signal, the time of 
occurrence, and the restoration of service when equip- 
ment has been out of service for 8 hours or more 


Exception: If the supervisory signal results from a prearranged test, the 
actions specified by 5-2.6.1.3 (1), (3), and (5) shall not be required. 


5-2.6.1.4 Upon receipt of trouble signals or other signals per- 
taining solely to matters of equipment maintenance of the fire 
alarm systems, the central station shall perform the following 
actions: 


(1) *Communicate immediately with persons designated by 
the subscriber 

(2) Dispatch personnel to arrive within 4 hours to initiate 
maintenance, if necessary 

(3) Provide notice, if required, to the subscriber or the 
authority having jurisdiction, or both, as to the nature 
of the interruption, the time of occurrence, and the 
restoration of service, when the interruption is more 
than 8 hours 


5-2.6.1.5 All test signals received shall be recorded to indicate 
date, time, and type. 


5-2.6.1.5.1 Test signals initiated by the subscriber, including 
those for the benefit of an authority having jurisdiction, shall 
be acknowledged by central station personnel whenever the 
subscriber or authority inquires. 


5-2.6.1.5.2* Any test signal not received by the central station 
shall be investigated immediately and action shall be taken to 
reestablish system integrity. 


5-2.6.1.5.3 The central station shall dispatch personnel to 
arrive within 1 hour if protected premises equipment needs to 
be manually reset after testing. 


5-2.6.2 Record Keeping and Reporting. 


5-2.6.2.1 Complete records of all signals received shall be 
retained for at least 1 year. 
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5-2.6.2.2 Testing and maintenance records shall be retained 
as required by 7-5.3. 


5-2.6.2.3 The central station shall make arrangements to fur- 
nish reports of signals received to the authority having juris- 
diction in a manner approved by the authority having 
jurisdiction. 


5-2.7 Testing and Maintenance. 


5-2.7.1 Testing and maintenance for central station service 
shall be performed in accordance with Chapter 7. 


5-2.7.2 The prime contractor shall provide each of its repre- 
sentatives and each alarm system user with a unique personal 
identification code. 


5-2.7.3 In order to authorize the placing of an alarm system 
into test status, a representative of the prime contractor or an 
alarm system user shall first provide the central station with his 
or her personal identification code. 


5-3 Proprietary Supervising Station Systems. The require- 
ments of Chapters | and 7 and Section 5-5 shall apply to pro- 
prietary fire alarm systems, unless they conflict with the 
requirements of this section. 


5-3.1 Scope. Section 5-3 describes the operational proce- 
dures for the supervising facilities of proprietary fire alarm sys- 
tems. It provides the minimum requirements for the facilities, 
equipment, personnel, operation, and testing and mainte- 
nance of the proprietary supervising station. 


5-3.2 General. 


5-3.2.1 Proprietary supervising stations shall be operated by 
trained, competent personnel in constant attendance who are 
responsible to the owner of the protected property. The 
requirements of 5-3.5.3 shall apply. 


5-3.2.2 The protected property shall be either a contiguous 
property or noncontiguous properties under one ownership. 


5-3.2.3 If a protected premises master control unit is integral 
to or co-located with the supervising station equipment, the 
requirements of Section 5-5 shall not apply. 


5-3.2.4* The systems of Section 5-3 shall be permitted to be 
interconnected to other systems intended to make the pre- 
mises safer in the event of fire or other emergencies indicative 
of hazards to life or property. 


5-3.3 Facilities. 


5-3.3.1 The proprietary supervising station shall be located in 
a fire-resistive, detached building or in a cutoff room and shall 
not be exposed to the hazardous parts of the premises that are 
protected. 


5-3.3.2 Access to the proprietary supervising station shall be 
restricted to those persons directly concerned with the imple- 
mentation and direction of emergency action and procedure. 


5-3.3.3 The proprietary supervising station, as well as 
remotely located power rooms for batteries or engine-driven 
generators, shall be provided with portable fire extinguishers 
that comply with the requirements of NFPA 10, Standard for 
Portable Fire Extinguishers. 


5-3.3.4 Emergency Lighting System. 


5-3.3.4.1 The proprietary supervising station shall be pro- 
vided with an automatic emergency lighting system. The emer- 
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gency source shall be independent of the primary lighting 
source. 


5-3.3.4.2 In the event of a loss of the primary lighting for the 
supervising station, the emergency lighting system shall pro- 
vide illumination for a period of not less than 26 hours to per- 
mit the operators to carry on operations, and shall be tested in 
accordance with the requirements of Chapter 7. 


5-3.3.5 If 25 or more protected buildings or premises are con- 
nected to a subsidiary station, both of the following shall be 
provided at the subsidiary station: 


(1) Automatic means for receiving and recording signals 
under emergency-staffing conditions 


(2) A telephone 
5-3.4 Equipment. 


5-3.4.1 Signal-receiving equipment in a proprietary supervis- 
ing station shall comply with 5-3.4. 


5-3.4.2 Provision shall be made to designate the building in 
which a signal originates. The floor, section, or other subdivi- 
sion of the building shall be designated at the proprietary 
supervising station or at the building that is protected. 


Exception: Where the area, height, or special conditions of occupancy 
make detailed designation unessential as approved by the authority 
having jurisdiction. This detailed designation shall use indicating ap- 
pliances accepted by the authority having jurisdiction. 


5-3.4.3 The proprietary supervising station shall have, in addi- 
tion to a recording device, two different means for alerting the 
operator when each signal is received that indicates a change 
of state of any connected initiating device circuit. One of these 
means shall be an audible signal, which shall persist until man- 
ually acknowledged. Means shall include the receipt of alarm 
signals, supervisory signals, and trouble signals, including sig- 
nals indicating restoration. 


5-3.4.4 If means is provided in the proprietary supervising sta- 
tion to identify the type of signal received, a common audible 
indicating appliance shall be permitted to be used for alarm, 
supervisory, and trouble indication. 


5-3.4.5 At a proprietary supervising station, an audible trou- 
ble signal shall be permitted to be silenced, provided the act 
of silencing does not prevent the signal from operating imme- 
diately upon receipt of a subsequent trouble signal. 


5-3.4.6 All signals required to be received by the proprietary 
supervising station that show a change in status shall be auto- 
matically and permanently recorded, including time and date 
of occurrence. This record shall be in a form that expedites 
operator interpretation in accordance with any one of the fol- 
lowing. 


(a) If a visual display is used that automatically provides 
change of status information for each required signal, includ- 
ing type and location of occurrence, any form of automatic 
permanent visual record shall be permitted. The recorded 
information shall include the content described above. The 
visual display shall show status information content at all times 
and shall be distinctly different after the operator has manu- 
ally acknowledged each signal. Acknowledgment shall pro- 
duce recorded information indicating the time and date of 
acknowledgment. 


(b) Ifa visual display is not provided, required signal con- 
tent information shall be automatically recorded on duplicate 
permanent visual recording instruments. 

One recording instrument shall be used for recording all 
incoming signals, while the other shall be used for required 
fire, supervisory, and trouble signals only. Failure to acknowl- 
edge a signal shall not prevent subsequent signals from 
recording. Restoration of the signal to its prior condition shall 
be recorded. 

(c) In the event that a system combines the use of a 
sequential visual display and recorded permanent visual pre- 
sentation, the required signal content information shall be 
displayed and recorded. The visual information component 
shall be retained either on the display until manually acknowl- 
edged or repeated at intervals not greater than 5 seconds, for 
durations of 2 seconds each, until manually acknowledged. 
Each new displayed status change shall be accompanied by an 
audible indication that shall persist until manual acknowledg- 
ment of the signal is performed. 

A means shall be provided for the operator to redisplay the 
status of required signal initiating inputs that have been 
acknowledged but not yet restored. If the system retains the 
signal on the visual display until manually acknowledged, sub- 
sequent recorded presentations shall not be inhibited upon 
failure to acknowledge. Fire alarm signals shall be segregated 
on a separate visual display in this configuration. 


Exception: Fire alarm signals shall not be required to be segregated on 
a separate display if given priority status on the common visual dis- 
play. 

5-3.4.7 The maximum elapsed time from sensing a fire alarm 
at an initiating device or initiating device circuit until it is 
recorded or displayed at the proprietary supervising station 
shall not exceed 90 seconds. 


5-3.4.8 To facilitate the prompt receipt of fire alarm signals 
from systems handling other types of signals that are able to 
produce multiple simultaneous status changes, the require- 
ments of either of the following shall be met: 


(1) In addition to the maximum processing time for a single 
alarm, the system shall record simultaneous status 
changes at a rate not slower than either a quantity of 50, 
or 10 percent of the total number of initiating device cir- 
cuits connected, within 90 seconds, whichever number is 
smaller, without loss of any signal. 

(2) In addition to the maximum processing time, the system 
shall either display or record fire alarm signals at a rate 
not slower than one every 10 seconds, regardless of the 
rate or number of status changes occurring, without loss 
of any signals. 


Exception: If fire alarm, waterflow alarm, and sprinkler supervisory 
signals and their associated trouble signals are the only signals pro- 
cessed by the system, the rate of recording shall not be slower than one 
signal every 30 seconds. 


5-3.4.9 Trouble signals required by 1-5.8 and their restoration 
shall be automatically indicated and recorded at the propri- 
etary supervising station within 200 seconds. 


5-3.4.10 The recorded information for the occurrence of any 
trouble condition of signaling line circuit, leg facility, or trunk 
facility that prevents receipt of alarm signals at the proprietary 
supervising station shall be such that the operator is able to 
determine the presence of the trouble condition. Trouble 
conditions in a leg facility shall not affect or delay receipt of 
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signals at the proprietary supervising station from other leg 
facilities on the same trunk facility. 


5-3.5 Personnel. 


5-3.5.1 At least two operators shall be on duty at all times. One 
of the two operators shall be permitted to be a runner. 


Exception: If the means for transmitting alarms to the fire department 
is automatic, at least one operator shall be on duty at all times. 


5-3.5.2 When the runner is not in attendance at the propri- 
etary supervising station, the runner shall establish two-way 
communications with the station at intervals not exceeding 
15 minutes. 


5-3.5.3 The primary duties of the operator(s) shall be to mon- 
itor signals, operate the system, and take such action as shall 
be required by the authority having jurisdiction. The opera- 
tor(s) shall not be assigned any additional duties that would 
take precedence over the primary duties. 


5-3.6 Operations. 
5-3.6.1 Communications and Transmission Channels. 


5-3.6.1.1 All communications and transmission channels 
between the proprietary supervising station and the protected 
premises master control unit (panel) shall be operated manu- 
ally or automatically once every 24 hours to verify operation. 


5-3.6.1.2_ Ifa communications or transmission channel fails to 
operate, the operator shall immediately notify the person(s) 
identified by the owner or authority having jurisdiction. 


5-3.6.2 Operator Controls. 


5-3.6.2.1 All operator controls at the proprietary supervising 
station(s) designated by the authority having jurisdiction shall 
be operated at each change of shift. 


5-3.6.2.2 If operator controls fail, the operator shall immedi- 
ately notify the person(s) identified by the owner or authority 
having jurisdiction. 


5-3.6.3 Indication of a fire shall be promptly retransmitted to 
the public fire service communications center or other loca- 
tions accepted by the authority having jurisdiction, indicating 
the building or group of buildings from which the alarm has 
been received. 


5-3.6.4* The means of retransmission shall be accepted by the 
authority having jurisdiction and shall be in accordance with 
Sections 5-2 or 5-4, or Chapter 6. 


Exception: Secondary power supply capacity shall be as required in 
Chapter 1. 


5-3.6.5* Retransmission by coded signals shall be confirmed 
by two-way voice communications indicating the nature of the 
alarm. 


5-3.6.6 Dispositions of Signals. 


5-3.6.6.1 Alarms. Upon receipt of a fire alarm signal, the pro- 

prietary supervising station operator shall initiate action to 

perform the following: 

(1) Immediately notify the fire department, the plant fire bri- 
gade, and such other parties as the authority having juris- 
diction requires. 

(2) Promptly dispatch a runner to the alarm location (travel 
time shall not exceed 1 hour). 
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(3) Restore the system as soon as possible after disposition of 
the cause of the alarm signal. 


5-3.6.6.2 Guard’s Tour Supervisory Signal. If a guard’s tour 
supervisory signal is not received from a guard within a 15- 
minute maximum grace period, or if a guard fails to follow a 
prescribed route in transmitting the signals (where a pre- 
scribed route has been established), the supervisory signal 
shall be treated as a delinquency signal. If a guard’s tour super- 
visory signal is delinquent, the proprietary supervising station 
operator shall initiate action to perform the following: 


(1) Communicate at once with the protected areas or pre- 
mises by telephone, radio, calling back over the system 
circuit, or other means accepted by the authority having 
jurisdiction. 

(2) Dispatch a runner to investigate the delinquency, if com- 
munications with the guard cannot be promptly estab- 
lished. (Travel time shall not exceed !/» hour.) 


5-3.6.6.3 Supervisory Signals. Upon receipt of sprinkler sys- 
tem and other supervisory signals, the proprietary supervising 
station operator shall initiate action to perform the following, 
if required: 


(1) Communicate immediately with the designated per- 
son(s) to ascertain the reason for the signal 

(2) Dispatch a runner or maintenance person (travel time 
not to exceed | hour) to investigate, unless supervisory 
conditions are promptly restored 

(3) Notify the fire department 

(4) Notify the authority having jurisdiction when sprinkler 
systems are wholly or partially out of service for 8 hours 
or more 

(5) Provide written notice to the authority having jurisdic- 
tion as to the nature of the signal, time of occurrence, 
and restoration of service, when equipment has been out 
of service for 8 hours or more 


5-3.6.6.4 Trouble Signals. Upon receipt of trouble signals or 
other signals pertaining solely to matters of equipment main- 
tenance of the fire alarm system, the proprietary supervising 
station operator shall initiate action to perform the following, 
if required: 


(1) Communicate immediately with the designated per- 
son(s) to ascertain reason for the signal 

(2) Dispatch a runner or maintenance person (travel time 
not to exceed 1 hour) to investigate 

(3) Notify the fire department 

(4) Notify the authority having jurisdiction when interrup- 
tion of service exists for 4 hours or more 

(5) Provide written notice to the authority having jurisdic- 
tion as to the nature of the signal, time of occurrence, 
and restoration of service, when equipment has been out 
of service for 8 hours or more 


5-3.6.7 Record Keeping and Reporting. 


5-3.6.7.1 Complete records of all signals received shall be 
retained for at least 1 year. 


5-3.6.7.2 Testing and maintenance records shall be retained 
as required by 7-5.3. 


5-3.6.7.3 The proprietary supervising station shall make 
arrangements to furnish reports of signals received to the 
authority having jurisdiction in a form the authority will 
accept. 


SUPERVISING STATION FIRE ALARM SYSTEMS 72-61 


5-3.7 Testing and Maintenance. Testing and maintenance of 
proprietary fire alarm systems shall be performed in accor- 
dance with Chapter 7. 


5-4 Remote Supervising Station Fire Alarm Systems. The 
requirements of Chapters | and 7 and Section 5-5 shall apply 
to remote supervising station fire alarm systems, unless they 
conflict with the requirements of this section. 


5-4.1 Scope. Section 5-4 shall apply where central station 
service is neither required nor elected. Section 5-4 shall 
describe the installation, maintenance, testing, and use of a 
remote supervising station fire alarm system that serves prop- 
erties under various ownership from a remote supervising 
station where trained, competent personnel are in constant 
attendance. Section 5-4 shall cover the minimum require- 
ments for the remote supervising station physical facilities, 
equipment, operating personnel, response, retransmission, 
signals, reports, and testing. 


5-4.2 General. 


5-4.2.1 Remote supervising station fire alarm systems shall 
provide an automatic audible and visible indication of alarm 
and, if required, of supervisory and trouble conditions at a 
location remote from the protected premises. A manual or 
automatic permanent record of these conditions shall be pro- 
vided. 


5-4.2.2 Section 5-4 shall not require the use of audible or visi- 
ble notification appliances other than those required at the 
remote supervising station. If it is desired to provide fire alarm 
evacuation signals in the protected premises, the alarm sig- 
nals, circuits, and controls shall comply with the provisions of 
Chapter 3 and Chapter 4 in addition to the provisions of Sec- 
tion 5-4. 


5-4.2.3 The loading capacities of the remote supervising sta- 
tion equipment for any approved method of transmission 
shall be as designated in Section 5-5. 


5-4.3* Facilities. 


5-4.3.1 If a remote supervising station connection is used to 
transmit an alarm signal, the signal shall be received at the 
public fire service communications center, at a fire station, or 
at the governmental agency that has a public responsibility for 
taking prescribed action to ensure response upon receipt of a 
fire alarm signal. 


Exception: If such an agency is unwilling to receive alarm signals or 
permits the acceptance of another location by the authority having ju- 
risdiction, such alternate location shall have personnel on duty at all 
times who are trained to receive the alarm signal and immediately re- 
transmit it to the fire department. 


5-4.3.2 Supervisory and trouble signals shall be handled at a 
constantly attended location that has personnel on duty who 
are trained to recognize the type of signal received and to take 
prescribed action. The location shall be permitted to be other 
than that at which alarm signals are received. 


5-4.3.3 If locations other than the public fire service commu- 
nications center are used for the receipt of signals, access to 
receiving equipment shall be restricted in accordance with the 
requirements of the authority having jurisdiction. 


5-4.4 Equipment. 


5-4.4.1 Signal-receiving equipment shall indicate receipt of 
each signal both audibly and visibly. 


5-4.4.1.1 Audible signals shall meet the requirements of 
Chapter 4 for the private operating mode. 


5-4.4.1.2 Means for silencing alarm, supervisory, and trouble 
signals shall be provided and shall be arranged so that subse- 
quent signals shall re-sound. 


5-4.4.1.3 A trouble signal shall be received when the system or 
any portion of the system at the protected premises is placed 
in a bypass or test mode. 


5-4.4.1.4 An audible and visible indication shall be provided 
upon restoration of the system after receipt of any signal. 


5-4.4.1.5 Ifvisible means are provided in the remote supervis- 
ing station to identify the type of signal received, a common 
audible notification appliance shall be permitted to be used. 


5-4.4.2 Power supplies shall comply with the requirements of 
Chapter 1. 


Exception: In a remote supervising station fire alarm system where the 
alarm and supervisory signals are transmitted over a listed supervised 
one-way radio system, 24 hours of secondary (standby) power shall be 
permitted in lieu of 60 hours, as required in 1-5.2.5.3, at the radio 
alarm repeater station receivers (RARSR), provided that personnel are 
dispatched to arrive within 4 hours after detection of failure to initiate 
maintenance. 


5-4.4.3 Transmission means shall comply with the require- 
ments of Section 5-5. 


5-4.4.4 Retransmission of an alarm signal, if required, shall be 
by one of the following methods, which appear in descending 
order of preference as follows. 


(a) A dedicated circuit that is independent of any switched 
telephone network. This circuit shall be permitted to be used 
for voice or data communications. 

(b) A one-way (outgoing only) telephone at the remote 
supervising station that utilizes the public switched telephone 
network. This telephone shall be used primarily for voice 
transmission of alarms to a telephone at the public fire service 
communications center that cannot be used for outgoing 
calls. 

(c) A private radio system using the fire department fre- 
quency, where permitted by the fire department. 

(d) Other methods accepted by the authority having juris- 
diction. 


5-4.5 Personnel. 


5-4.5.1 The remote supervising station shall have sufficient 
personnel, but not less than two persons, on duty at the 
remote supervising station at all times to ensure disposition of 
signals in accordance with the requirements of 5-4.6. 


5-4.5.2 Duties pertaining to other than operation of the 
remote supervising station receiving and transmitting equip- 
ment shall be permitted subject to the approval of the author- 
ity having jurisdiction. 

5-4.6 Operations. 

5-4.6.1 If the remote supervising station is at a location other 
than the public fire service communications center, alarm sig- 


nals shall be immediately retransmitted to the public fire ser- 
vice communications center. 


5-4.6.2 Upon receipt of an alarm, supervisory, or trouble sig- 
nal by the remote supervising station other than the public fire 
service communications center, the operator on duty shall be 
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responsible for notifying the owner or the owner’s designated 
representative immediately. 


5-4.6.3 All operator controls at the remote supervising station 
shall be operated at the beginning of each shift or change in 
personnel, and the status of all alarm, supervisory, and trouble 
signals shall be noted and recorded. 


5-4.7 Record Keeping and Reporting. 


5-4.7.1 A permanent record of the time, date, and location of 
all signals and restorations received and the action taken shall 
be maintained for at least 1 year and shall be made available 
to the authority having jurisdiction. These records shall be 
permitted to be created by manual means. 


5-4.7.2 Testing and maintenance records shall be retained as 
required in 7-5.3. These records shall be permitted to be cre- 
ated by manual means. 


5-4.8 Testing and Maintenance. Testing and maintenance 
for remote supervising stations shall be performed in accor- 
dance with Chapter 7. 


Figure 5-5.1 Division of scope. 
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5-5 Communications Methods for Supervising Station Fire 
Alarm Systems. The requirements of Chapters 1 and 7 shall 
apply to continuously attended supervising station fire alarm sys- 
tems, unless they conflict with the requirements of this section. 


5-5.1* Scope. Section 5-5 and Figure 5-5.1 shall describe the 
requirements for the methods of communications between 
the protected premises and the supervising station. These 
requirements shall include the following: 


(1) The transmitter located at the protected premises 

(2) The transmission channel between the protected pre- 
mises and the supervising station or subsidiary station 

(3) If used, any subsidiary station and its communications 
channel 

(4) The signal receiving, processing, display, and recording 
equipment at the supervising station 


Exception: Transmission channels owned by and under the control of 
the protected premises owner, that are not facilities leased from a sup- 
plier of communications service capabilities, such as video cable, tele- 
phone, or other communications services that are also offered to other 
customers. 


Fire alarm systems where the master control 
unit is neither integral to nor collocated with 
the supervising station. 


a Note: Transmitter might be integrated with the control. 
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5-5.2 General. 
5-5.2.1 Applicable Requirements. 


5-5.2.1.1 If the protected premises master control unit is nei- 
ther integral to nor co-located with the supervising station, the 
communications methods of Section 5-5 shall be used to con- 
nect the protected premises to either a subsidiary station, if 
used, or a supervising station providing central station service 
in accordance with Section 5-2, proprietary service in accor- 
dance with Section 5-3, or remote station service in accor- 
dance with Section 5-4. These communications methods shall 
be permitted to include the following: 


(1) Active multiplex circuits that are part of a supervising sta- 
tion, including systems derived channels 

(2) Digital alarm communicator systems, including digital 
alarm radio systems 

(3) McCulloh systems 

(4) Two-way radio frequency (RF) multiplex systems 

(5) One-way radio alarm systems 

(6) Directly-connected noncoded systems 


5-5.2.1.2* Nothing in Chapter 5 shall be interpreted as pro- 
hibiting the use of listed equipment using alternate communi- 
cations methods that provide a level of reliability and 
supervision consistent with the requirements of Chapter 1 and 
the intended level of protection. 


5-5.2.1.3 For multiple building premises, the requirements of 
1-5.7.4 shall apply to the alarm, supervisory, and trouble sig- 
nals transmitted to the supervising station. 


5-5.2.2 Equipment. 


5-5.2.2.1 Fire alarm system equipment and installations shall 
comply with Federal Communication Commission (FCC) 
rules and regulations, as applicable, concerning the following: 


(1) Electromagnetic radiation 

(2) Use of radio frequencies 

(3) Connection to the public switched telephone network of 
telephone equipment, systems, and protection apparatus 


5-5.2.2.2 Radio receiving equipment shall be installed in com- 
pliance with NFPA 70, National Electrical Cod&, Article 810. 


5-5.2.2.3. The external antennas of all radio transmitting and 
receiving equipment shall be protected in order to minimize 
the possibility of damage by static discharge or lightning. 


5-5.2.3 Adverse Conditions. 


5-5.2.3.1 For active and two-way RF multiplex systems, the 
occurrence of an adverse condition on the transmission chan- 
nel between a protected premises and the supervising station 
that prevents the transmission of any status change signal shall 
be automatically indicated and recorded at the supervising sta- 
tion. This indication and record shall identify the affected por- 
tions of the system so that the supervising station operator will 
be able to determine the location of the adverse condition by 
trunk or leg facility, or both. 


5-5.2.3.2 For a one-way radio alarm system, the system shall be 
supervised to ensure that at least two independent radio alarm 
repeater station receivers (RARSR) are receiving signals for 
each radio alarm transmitter (RAT) during each 24-hour 
period. The occurrence of a failure to receive a signal by 
either RARSR shall be automatically indicated and recorded at 
the supervising station. The indication shall identify which 
RARSR failed to receive such supervisory signals. Received test 


signals shall not be required to be indicated at the supervising 
station. 


5-5.2.3.3 For active and two-way RF multiplex systems that are 
part of a central station fire alarm system, restoration of ser- 
vice to the affected portions of the system shall be automati- 
cally recorded. When service is restored, the first status change 
of any initiating device circuit, or any initiating device directly 
connected to a signaling line circuit, or any combination 
thereof that occurred at any of the affected premises during 
the service interruption, also shall be recorded. 


5-5.2.4 Dual Control. 


5-5.2.4.1 Dual control, if required, shall provide for redun- 
dancy in the form ofa standby circuit or other alternate means 
of transmitting signals over the primary trunk portion of a 
transmission channel. The same method of signal transmis- 
sion shall be permitted to be used over separate routes, or 
alternate methods of signal transmission shall be permitted to 
be used. Public switched telephone network facilities shall be 
used only as an alternate method of transmitting signals. 


5-5.2.4.2 If using facilities leased from a telephone company, 
that portion of the primary trunk facility between the supervis- 
ing station and its serving wire center shall not be required to 
comply with the separate routing requirement of the primary 
trunk facility. Dual control, if used, shall require supervision as 
follows. 


(1) Dedicated facilities that are able to be used on a full-time 
basis, and whose use is limited to signaling purposes as 
defined in this code, shall be exercised at least once every 
hour. 

(2) Public switched telephone network facilities shall be 
exercised at least once every 24 hours. 


5-5.3 Communications Methods. 
5-5.3.1 Active Multiplex Transmission Systems. 


5-5.3.1.1 The multiplex transmission channel shall terminate 
in a transmitter at the protected premises and in a system unit 
at the supervising station. The derived channel shall terminate 
in a transmitter at the protected premises and in derived chan- 
nel equipment at a subsidiary station location or a telephone 
company wire center. The derived channel equipment at the 
subsidiary station location or a telephone company wire cen- 
ter shall select or establish the communications with the super- 
vising station. 


5-5.3.1.2* Operation of the transmission channel shall con- 
form to the requirements of this code whether channels are 
private facilities, such as microwave, or leased facilities fur- 
nished by a communications utility company. If private signal 
transmission facilities are used, the equipment necessary to 
transmit signals shall also comply with the requirements for 
duplicate equipment or replacement of critical components, 
as described in 5-5.5.2. The trunk transmission channels shall 
be dedicated facilities for the main channel. For Type | multi- 
plex systems, the public switched telephone network facilities 
shall be permitted to be used for the alternate channel. 


Exception: Derived channel scanners with no more than 32 legs shall 
be permitted to use the public switched telephone network for the main 
channel. 


5-5.3.1.2.1 Derived channel signals shall be permitted to be 
transmitted over the leg facility, which shall be permitted to 
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be shared by the telephone equipment under all on-hook 
and off-hook operating conditions. 


5-5.3.1.2.2 If derived channel equipment uses the public 
switched telephone network to communicate with a supervis- 
ing station, such equipment shall meet the requirements of 
5-5.3.2. 


5-5.3.1.2.3 The maximum end-to-end operating time parame- 
ters allowed for an active multiplex system are as follows. 


(a) The maximum allowable time lapse from the initiation 
of a single fire alarm signal until it is recorded at the supervising 
station shall not exceed 90 seconds. When any number of subse- 
quent fire alarm signals occur at any rate, they shall be recorded 
at a rate no slower than one every 10 additional seconds. 

(b) *The maximum allowable time lapse from the occur- 
rence of an adverse condition in any transmission channel 
until recording of the adverse condition is started shall not 
exceed 90 seconds for Type 1 and Type 2 systems and 200 sec- 
onds for Type 3 systems. The requirements of 5-5.3.1.3 shall 
apply. 

(c) In addition to the maximum operating time allowed 
for fire alarm signals, the requirements of one of the following 
shall be met: 


(1) Asystem unit that has more than 500 initiating device cir- 
cuits shall be able to record not less than 50 simultaneous 
status changes in 90 seconds. 

(2) Asystem unit having fewer than 500 initiating device cir- 
cuits shall be able to record not less than 10 percent of 
the total number of simultaneous status changes within 
90 seconds. 


Exception: Proprietary supervising station systems that have operat- 
ing time requirements specified in 5-3.4.7 through 5-3.4. 9. 


5-5.3.1.3 System Classification. Active multiplex systems 
shall be divided into three categories based on their ability to 
perform under adverse conditions of their transmission chan- 
nels. The system classifications shall be as follows. 


(a) A Type 1 system shall have dual control as described in 
5-5.2.4. An adverse condition on a trunk or leg facility shall not 
prevent the transmission of signals from any other trunk or leg 
facility, except those signals dependent on the portion of the 
transmission channel in which the adverse condition has 
occurred. An adverse condition limited to a leg facility shall 
not interrupt service on any trunk or other leg facility. The 
requirements of 5-5.2.1, 5-5.2.2, and 5-5.2.3 shall be met by 
Type 1 systems. 

(b) A Type 2 system shall have the same requirements as a 
Type 1 system. 


Exception: Dual control of the primary trunk facility shall not be 
required. 

(c) A Type 3 system shall automatically indicate and record 
at the supervising station the occurrence of an adverse condi- 
tion on the transmission channel between a protected pre- 
mises and the supervising station. The requirements of 5-5.2 
shall be met. 


Exception: The requirements of 5-5.2.4 shall not apply. 


5-5.3.1.4 System Loading Capacities. The capacities of active 
multiplex systems are based on the overall reliability of the sig- 
nal receiving, processing, display, and recording equipment at 
the supervising and subsidiary stations, and the capability to 
transmit signals during adverse conditions of the signal trans- 
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mission facilities. Allowable capacities of active multiplex sys- 
tems shall be in accordance with Table 5-5.3.1.4. 


Table 5-5.3.1.4 Loading Capacities for Active Multiplex 
Systems 


System Type 


Trunks Typel Type2 Type 3 


Maximum number of 5,120 1,280 256 
fire alarm service initiat- 

ing device circuits per 

primary trunk facility 


Maximum number of 512 128 64 
leg facilities for fire 

alarm service per pri- 

mary trunk facility 


Maximum number of 128 128 128 
leg facilities for all types 
of fire alarm service per 
secondary trunk facility* 


Maximum number of all 
types of initiating device 
circuits per primary 
trunk facility in any com- 
bination® 


10,240 2,560 512 


Maximum number of 1,024 256 128 
leg facilities for all types 

of fire alarm service per 

primary trunk facility in 

any combination* 


System Units at the 
Supervising Station 
Maximum number ofall 10,240 —10,240> 10,240 
types of initiating device 


circuits per system unit* 


Maximum number of 512> 512> 5 12> 
fire protecting build- 

ings and premises per 

system unit 


Maximum number of 
fire alarm service initiat- 
ing device circuits per 
system unit 


5,120> 5,120> 5,120> 


Systems Emitting from — = _ 
Subsidiary Station‘ 


‘Includes every initiating device circuit (for example, waterflow, fire 
alarm, supervisory, guard, burglary, hold-up). 

bParagraph 5-5.3.1.5 shall apply. 

“Same as system units at the supervising station. 


5-5.3.1.5 Exceptions to Loading Capacities Listed in Table 
5-5.3.1.4. If the signal receiving, processing, display, and 
recording equipment are duplicated at the supervising station 
and a switchover is able to be accomplished in not more than 
30 seconds with no loss of signals during this period, the 
capacity of a system unit shall be unlimited. 
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5-5.3.2 Digital Alarm Communicator Systems. 
5-5.3.2.1 Digital Alarm Communicator Transmitter (DACT). 


5-5.3.2.1.1 A DACT shall be connected to the public switched 
telephone network upstream of any private telephone system at 
the protected premises. In addition, the connections to the pub- 
lic switched telephone network shall be under the control of the 
subscriber for whom service is being provided by the supervising 
station fire alarm system. Special attention shall be required to 
ensure that this connection is made only to a loop start tele- 
phone circuit and not to a ground start telephone circuit. 


Exception: If public cellular telephone service is used as a secondary 
means of transmission, the requirements of 5-5.3.2.1.1 shall not apply 
to the cellular telephone service. 


5-5.3.2.1.2 All information exchanged between the DACT at 
the protected premises and the digital alarm communicator 
receiver (DACR) at the supervising or subsidiary station shall 
be by digital code or some other approved means. Signal rep- 
etition, digital parity check, or some other approved means of 
signal verification shall be used. 


5-5.3.2.1.3* A DACT shall be configured so that when it is 
required to transmit a signal to the supervising station, it shall 
seize the telephone line (going off-hook) at the protected pre- 
mises and disconnect an outgoing or incoming telephone call 
and prevent use of the telephone line for outgoing telephone 
calls until signal transmission has been completed. A DACT 
shall not be connected to a party line telephone facility. 


5-5.3.2.1.4 A DACT shall have the means to satisfactorily 
obtain a dial tone, dial the number(s) of the DACR, obtain 
verification that the DACR is able to receive signals, transmit 
the signal, and receive acknowledgment that the DACR has 
accepted that signal. In no event shall the time from going off 
hook to on-hook exceed 90 seconds per attempt. 


5-5.3.2.1.5* A DACT shall have means to reset and retry if the 
first attempt to complete a signal transmission sequence is 
unsuccessful. A failure to complete connection shall not pre- 
vent subsequent attempts to transmit an alarm where such 
alarm is generated from any other initiating device circuit or 
signaling line circuit, or both. Additional attempts shall be 
made until the signal transmission sequence has been com- 
pleted, up to a minimum of 5 and a maximum of 10 attempts. 

If the maximum number of attempts to complete the 
sequence is reached, an indication of the failure shall be made 
at the premises. 


5-5.3.2.1.6 DACT Transmission Channels. 


5-5.3.2.1.6.1 A DACT shall employ one of the following com- 
binations of transmission channels: 


(1) Two telephone lines (numbers) 

(2) One telephone line (number) and one cellular tele- 
phone connection 

(3) One telephone line (number) and a one-way radio system 

(4) One telephone line (number) equipped with a derived 
local channel 

(5) One telephone line (number) and a one-way private 
radio alarm system 

(6) One telephone line (number) and a private microwave 
radio system 

(7) One telephone line (number) and a two-way RF mullti- 
plex system 


(8) *A single integrated services digital network (ISDN) 
telephone line using a terminal adapter specifically 
listed for supervising station fire alarm service, where 
the path between the transmitter and the switched tele- 
phone network serving central office is monitored for 
integrity so that the occurrence of an adverse condition 
in the path shall be annunciated at the supervising sta- 
tion within 200 seconds 


5-5.3.2.1.6.2 The following requirements shall apply to all 
combinations in 5-5.3.2.1.6.1: 


(1) Both channels shall be supervised in a manner approved 
for the means of transmission employed. 

(2) Both channels shall be tested at intervals not exceeding 
24 hours. 


Exception No. 1: For public cellular telephone service, a verification 
(test) signal shall be transmitted at least monthly. 


Exception No. 2: Where two telephone lines (numbers) are used, tt 
shall be permitted to test each telephone line (number) at alternating 
24-hour intervals. 


(3) The failure of either channel shall send a trouble signal 
on the other channel within 4 minutes. 

(4) When one transmission channel has failed, all status 
change signals shall be sent over the other channel. 


Exception: Where used in combination with a DACT, a derived local 
channel shall not be required to send status change signals other than 
those indicating that adverse conditions exist on the telephone line 
(number). 


(5) The primary channel shall be capable of delivering an 
indication to the DACT that the message has been 
received by the supervising station. 

(6) The first attempt to send a status change signal shall use 
the primary channel. 


Exception: Where the primary channel is known to have failed. 


(7) Simultaneous transmission over both channels shall be 
permitted. 

(8) Failure of telephone lines (numbers) or cellular service 
shall be annunciated locally. 


5-5.3.2.1.7 DACT Transmission Means. 


5-5.3.2.1.7.1 A DACT shall be connected to two separate 
means of transmission at the protected premises. The DACT 
shall be capable of selecting the operable means of transmis- 
sion in the event of failure of the other means. The primary 
means of transmission shall be a telephone line (number) 
connected to the public switched network. 


5-5.3.2.1.7.2 The first transmission attempt shall utilize the 
primary means of transmission. 


5-5.3.2.1.8 Each DACT shall be programmed to call a second 
DACR line (number) when the signal transmission sequence 
to the first called line (number) is unsuccessful. 


5-5.3.2.1.9* If long distance telephone service, including 
WATS, is used, the second telephone number shall be pro- 
vided by a different long distance service provider if there are 
multiple providers. 


5-5.3.2.1.10 Each DACT shall automatically initiate and com- 
plete a test signal transmission sequence to its associated 
DACR at least once every 24 hours. A successful signal trans- 
mission sequence of any other type within the same 24-hour 
period shall fulfill the requirement to verify the integrity of the 
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reporting system, provided signal processing is automated so 
that 24-hour delinquencies are individually acknowledged by 
supervising station personnel. 


5-5.3.2.1.11* If a DACT is programmed to call a telephone 
line (number) that is call forwarded to the line (number) of 
the DACR, a means shall be implemented to verify the integ- 
rity of the call forwarding feature every 4 hours. 


5-5.3.2.2 Digital Alarm Communicator Receiver (DACR). 
5-5.3.2.2.1 Equipment. 


5-5.3.2.2.1.1 Spare DACRs shall be provided in the supervis- 
ing or subsidiary station. The spare DACRs shall be able to be 
switched into the place of a failed unit within 30 seconds after 
detection of failure. 

One spare DACR shall be permitted to serve as a backup for 
up to five DACRs in use. 


5-5.3.2.2.1.2 The number of incoming telephone lines to a 
DACR shall be limited to eight lines. 


Exception: If the signal receiving, processing, display, and recording 
equipment at the supervising or subsidiary station is duplicated and a 
switchover is able to be accomplished in less than 30 seconds with no 
loss of signal during this period, the number of incoming lines to the 
unit shall be permitted to be unlimited. 


5-5.3.2.2.2 Transmission Channel. 


5-5.3.2.2.2.1* The DACR equipment at the supervising or 
subsidiary station shall be connected to a minimum of two sep- 
arate incoming telephone lines (numbers). If the lines (num- 
bers) are in a single hunt group, they shall be individually 
accessible; otherwise, separate hunt groups shall be required. 
These lines (numbers) shall be used for no other purpose 
than receiving signals from a DACT. These lines (numbers) 
shall be unlisted. 


5-5.3.2.2.2.2 The failure of any telephone line (number) con- 
nected to a DACR due to loss of line voltage shall be annunci- 
ated visually and audibly in the supervising station. 


5-5.3.2.2.2.3* The loading capacity for a hunt group shall be 
in accordance with Table 5-5.3.2.2.2.3 or be capable of demon- 
strating a 90 percent probability of immediately answering an 
incoming call. 

Each supervised burglar alarm (open/close) or each sup- 
pressed guard tour transmitter shall reduce the allowable 
DACTs as follows: 


(1) Up toa fourline hunt group, by 10 

(2) Up toa five-line hunt group, by 7 

(3) Up toa six-line hunt group, by 6 

(4) Up toa seven-line hunt group, by 5 

(5) Up to an eight-line hunt group, by 4 
Each guard tour transmitter shall reduce the allowable 

DACTs as follows: 

(1) Up toa fourline hunt group, by 30 

(2) Up toa five-line hunt group, by 21 

(3) Up toa six-line hunt group, by 18 

(4) Up toa seven-line hunt group, by 15 

(5) Up to an eight-line hunt group, by 12 
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Table 5-5.3.2.2.2.3 Loading Capacities for Hunt Groups 


Number of Lines in Hunt Group 


System Loading at the 
Supervising Station 1 2 3 4 5-8 


With DACR lines pro- 
cessed in parallel 


Number of initiating NA_ 5,000 10,000 20,000 20,000 
circuits 


Number of DACTs* NA 500 1,500 3,000 3,000 


With DACR lines pro- 
cessed serially (put on 
hold, then answered 
one at a time) 


Number of initiating NA 3,000 5,000 6,000 6,000 
circuits 


Number of DACTs* NA 300 800 1,000 1,000 


NA: Not allowed. 

“Table 5-5.3.2.2.2.3 shall be based on an average distribution of calls 
and an average connected time of 30 seconds for a message. The load- 
ing figures in the table shall presume that the lines are in a hunt 
group, that is, DACT is able to access any line not in use. A single-line 
DACR shall not be allowed (NA) for any of the configurations shown. 


5-5.3.2.2.2.4* A signal shall be received on each individual 
incoming DACR line at least once every 24 hours. 


5-5.3.2.2.2.5 The failure to receive a test signal from the pro- 
tected premises shall be treated as a trouble signal. The 
requirements of 5-2.6.1.4 shall apply. 


5-5.3.2.3 Digital Alarm Radio System (DARS). 


5-5.3.2.3.1 If any DACT signal transmission is unsuccessful, 
the information shall be transmitted by means of the digital 
alarm radio transmitter (DART). The DACT shall continue its 
transmission sequence as required by 5-5.3.2.1.5. 


5-5.3.2.3.2 The DARS shall be capable of demonstrating a 
minimum of 90 percent probability of successfully completing 
each transmission sequence. 


5-5.3.2.3.3 Transmission sequences shall be repeated a mini- 
mum of five times. The digital alarm radio transmitter 
(DART) transmission shall be permitted to be terminated in 
less than five sequences if the DACT successfully communi- 
cates to the DACR. 


5-5.3.2.3.4 Each DART shall automatically initiate and com- 
plete a test signal transmission sequence to its associated digi- 
tal alarm radio receiver (DARR) at least once every 24 hours. 
A successful DART signal transmission sequence of any other 
type within the same 24-hour period shall fulfill the require- 
ment to test the integrity of the reporting system, provided sig- 
nal processing is automated so that 24-hour delinquencies are 
individually acknowledged by supervising station personnel. 


5-5.3.2.4 Digital Alarm Radio Transmitter (DART). A DART 
shall transmit a digital code or another approved signal by use 
of radio transmission to its associated digital alarm radio 
receiver (DARR). Signal repetition, digital parity check, or 
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another approved means of signal verification shall be used. 
The DART shall comply with applicable FCC rules consistent 
with its operating frequency. 


5-5.3.2.5 Digital Alarm Radio Receiver (DARR) Equipment. 


5-5.3.2.5.1 A spare DARR shall be provided in the supervising 
station and shall be able to be switched into the place of a 
failed unit within 30 seconds after detection of failure. 


5-5.3.2.5.2 Facilities shall be provided at the supervising sta- 

tion for supervisory and control functions of subsidiary and 

repeater station radio receiving equipment. This shall be 

accomplished via a supervised circuit where the radio equip- 

ment is remotely located from the supervising or subsidiary 

station. The following conditions shall be supervised at the 

supervising station: 

(1) Failure of ac power supplying the radio equipment 

(2) Malfunction of receiver 

(3) Malfunction of antenna and interconnecting cable 

(4) Indication of automatic switchover of the DARR 

(5) Malfunction of data transmission line between the DARR 
and the supervising or subsidiary station 


5-5.3.3. McCulloh Systems. 
5-5.3.3.1 Transmitters. 


5-5.3.3.1.1 A coded alarm signal from a transmitter shall con- 
sist of not less than three complete rounds of the number or 
code transmitted. 


5-5.3.3.1.2* A coded fire alarm box shall produce not less 
than three signal impulses for each revolution of the coded 
signal wheel or another approved device. 


5-5.3.3.1.3 Circuit-adjusting means for emergency operating 
shall be permitted to be either automatic or be provided 
through manual operation upon receipt of a trouble signal. 


5-5.3.3.1.4* Equipment shall be provided at the supervising 
or subsidiary station on all circuits extending from the super- 
vising or subsidiary station that is utilized for McCulloh sys- 
tems for performing the following: 


(1) Tests on current on each circuit under nontransmitting 
conditions 

(2) Tests on current on each side of the circuit with the 
receiving equipment conditioned for an open circuit 


5-5.3.3.2 Transmission Channels. 


5-5.3.3.2.1 Circuits between the protected premises and the 
supervising or subsidiary station that are essential to the actua- 
tion or operation of devices that initiate a signal indicative of 
fire shall be arranged so that the occurrence of a single break or 
single ground fault does not prevent transmission of an alarm. 


Exception No. 1: Circuits wholly within the supervising or subsidiary 
station. 


Exception No. 2: The carrier system portion of circuits. 


5-5.3.3.2.2 The occurrence of a single break or a single 
ground fault on any circuit shall not of itself cause a false sig- 
nal that is able to be interpreted as an alarm of fire. If such a 
single fault prevents the functioning of any circuit, its occur- 
rence shall be indicated automatically at the supervising sta- 
tion by a trouble signal that compels attention and that is 
distinguishable from signals other than those indicative of an 
abnormal condition of supervised parts of a fire suppression 
system(s). 


5-5.3.3.2.3 The circuits and devices shall be arranged to 
receive and record a signal identifiable as to location of origin, 
and provisions shall be made for identifying transmission to 
the public fire service communications center. 


5-5.3.3.2.4 Multipoint transmission channels between the 
protected premises and the supervising or subsidiary station 
and within the protected premises, consisting of one or more 
coded transmitters and an associated system unit(s), shall 
meet the requirements of either 5-5.3.3.2.5 or 5-5.3.3.2.6. 


5-5.3.3.2.5 If end-to-end metallic continuity is present, signals 
shall be received from other points under any one of the fol- 
lowing transmission channel fault conditions at one point on 
the line: 


(1) Open 

(2) Ground 

(3) *Wire-to-wire short 
(4) Open and ground 


5-5.3.3.2.6 [If end-to-end metallic continuity is not present, the 
nonmetallic portion of transmission channels shall meet all of 
the following requirements. 


(a) Two nonmetallic channels or one channel plus a 
means for immediate transfer to a standby channel shall be 
provided for each transmission channel, with a maximum of 
eight transmission channels being associated with each 
standby channel, or shall be furnished over one channel, pro- 
vided that service is limited to one plant. 

(b) The two nonmetallic channels (or one channel with 
standby arrangement) for each transmission channel shall be 
provided by one of the following means, shown in descending 
order of preference: 


(1) Over separate facilities and separate routes 
(2) Over separate facilities in the same route 
(3) Over the same facilities in the same route 

(c) Failure of a nonmetallic channel or any portion 
thereof shall be indicated immediately and automatically in 
the supervising station. 

(d) Signals shall be received from other points under any 
one of the following fault conditions at one point on the 
metallic portion of the transmission channel: 


(1) Open 
(2) Ground 
(3) *Wire-to-wire short 


5-5.3.3.3, Loading Capacity of McCulloh Circuits. 


5-5.3.3.3.1 The number of transmitters connected to any 
transmission channel shall be limited to eliminate interfer- 
ence. The total number of code wheels or other approved 
devices connected to a single transmission channel shall not 
exceed 250. Alarm signal transmission channels shall be 
reserved exclusively for fire alarm signal transmitting service. 


Exception: As provided in 5-5, 3.3.3.4. 


5-5.3.3.3.2. The number of waterflow switches permitted to be 
connected to actuate a single transmitter shall not exceed five 
switches. 


5-5.3.3.3.3 The number of supervisory switches permitted to 
be connected to actuate a single transmitter shall not exceed 
20 switches. 


5-5.3.3.3.4 Combined alarm and supervisory transmission 
channels shall comply with the following: 


1999 Edition 


72-68 NATIONAL FIRE ALARM CODE 


(1) Ifboth sprinkler supervisory signals and fire or waterflow 
alarm signals are transmitted over the same transmission 
channel, provision shall be made to obtain either alarm 
signal precedence or continuous repetition of the alarm 
signal to prevent the loss of any alarm signal. 

(2) Other signal transmitters (for example, burglar, indus- 
trial processes) on an alarm transmission channel shall 
not exceed five. 


5-5.3.3.3.5* If signals from manual fire alarm boxes and 
waterflow alarm transmitters within a building are transmitted 
over the same transmission channel and are operating at the 
same time, there shall be no interference with the fire box sig- 
nals. Provision of the shunt noninterfering method of opera- 
tion shall be permitted for this performance. 


5-5.3.3.3.6 One alarm transmission channel shall serve not 
more than 25 plants. A plant shall be permitted to consist of 
one or more buildings under the same ownership, and the cir- 
cuit arrangement shall be such that an alarm signal cannot be 
received from more than one transmitter at a time within a 
plant. If such noninterference is not provided, each building 
shall be a plant. 


5-5.3.3.3.7 One sprinkler supervisory transmission channel 
circuit shall serve not more than 25 plants. A plant shall be 
permitted to consist of one or more buildings under the same 
ownership. 


5-5.3.3.3.8 Connections to a guard supervisory transmission 
channel or to a combination manual fire alarm and guard 
transmission channel shall be limited so that not more than 60 
scheduled guard report signals are transmitted in any 1-hour 
period. Patrol scheduling shall be such as to eliminate inter- 
ference between guard report signals. 


5-5.3.4 Two-Way Radio Frequency (RF) Multiplex Systems. 


5-5.3.4.1 The maximum end-to-end operating time parame- 
ters allowed for a two-way RF multiplex system are as follows. 


(a) The maximum allowable time lapse from the initiation 
ofa single fire alarm signal until it is recorded at the supervising 
station shall not exceed 90 seconds. When any number of sub- 
sequent fire alarm signals occur at any rate, they shall be 
recorded at a rate no slower than one every additional 10 sec- 
onds. 

(b) The maximum allowable time lapse from the occur- 
rence of an adverse condition in any transmission channel 
until recording of the adverse condition is started shall not 
exceed 90 seconds for Type 4 and Type 5 systems. The require- 
ments of 5-5.3.4.4 shall apply. 

(c) In addition to the maximum operating time allowed 
for fire alarm signals, the requirements of one of the following 
paragraphs shall be met: 


(1) Asystem unit that has more than 500 initiating device cir- 
cuits shall be able to record not less than 50 simultaneous 
status changes in 90 seconds. 

(2) Asystem unit that has fewer than 500 initiating device cir- 
cuits shall be able to record not less than 10 percent of 
the total number of simultaneous status changes within 
90 seconds. 


5-5.3.4.2 Facilities shall be provided at the supervising station 
for the following supervisory and control functions of the 
supervising or subsidiary station and the repeater station radio 
transmitting and receiving equipment. This shall be accom- 
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plished via a supervised circuit where the radio equipment is 
remotely located from the system unit. 

The following conditions shall be supervised at the super- 
vising station: 
(1) RF transmitter in use (radiating) 
(2) Failure of ac power supplying the radio equipment 
(3) RF receiver malfunction 
(4) Indication of automatic switchover 

Independent deactivation of either RF transmitter shall be 
controlled from the supervising station. 


5-5.3.4.3 Transmission Channel. 


5-5.3.4.3.1 The RF multiplex transmission channel shall ter- 
minate in a RF transmitter/receiver at the protected premises 
and in a system unit at the supervising or subsidiary station. 


5-5.3.4.3.2 Operation of the transmission channel shall con- 
form to the requirements of this code whether channels are 
private facilities, such as microwave, or leased facilities fur- 
nished by a communications utility company. If private signal 
transmission facilities are used, the equipment necessary to 
transmit signals shall also comply with requirements for dupli- 
cate equipment or replacement of critical components, as 
described in 5-5.5.2. 


5-5.3.4.4* Two-way RF multiplex systems shall be divided into 
the following two categories based on their ability to perform 
under adverse conditions. System classifications shall be Type 
4 or Type 5. 

A Type 4 system shall have two or more control sites config- 
ured as follows: 


(1) Each site shall have an RF receiver interconnected to the 
supervising or subsidiary station by a separate channel. 

(2) The RF transmitter/receiver located at the protected pre- 
mises shall be within transmission range of at least two RF 
receiving sites. 

(3) The system shall contain two RF transmitters that are one 
of the following: 


a. Located at one site with the capability of interrogating 
all of the RF transmitters/receivers on the premises 
b. Dispersed with all of the RF transmitters/receivers on 
the premises having the capability to be interrogated 
by two different RF transmitters 
(4) Each RF transmitter shall maintain a status that allows 
immediate use at all times. Facilities shall be provided in 
the supervising or subsidiary station to operate any off- 
line RF transmitter at least once every 8 hours. 
(5) Any failure of one of the RF receivers shall in no way 
interfere with the operation of the system from the other 
RF receiver. Failure of any receiver shall be annunciated 
at the supervising station. 
(6) A physically separate channel shall be required between 
each RF transmitter or RF receiver site, or both, and the 
system unit. 


A Type 5 system shall have a single control site configured 
as follows: 


(1) A minimum of one RF receiving site 
(2) Aminimum of one RF transmitting site 


5-5.3.4.5 Loading Capacities. 


5-5.3.4.5.1 The loading capacities of two-way RF multiplex sys- 
tems are based on the overall reliability of the signal receiving, 
processing, display, and recording equipment at the supervising 
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or subsidiary station and the capability to transmit signals during 
adverse conditions of the transmission channels. Allowable load- 
ing capacities shall comply with Table 5-5.3.4.5.1. 


Table 5-5.3.4.5.1 Loading Capacities for Two-Way RF 
Multiplex Systems 


System Type 


Trunks Type 5 


Maximum number of fire 5,120 1,280 
alarm service initiating 

device circuits per primary 

trunk facility 


Type 4 


Maximum number of leg 512 128 
facilities for fire alarm ser- 

vice per primary trunk facil- 

ity 

Maximum number of leg 128 128 
facilities for all types of fire 

alarm service per secondary 

trunk facility* 


Maximum number of all 10,240 2,560 
types of initiating device cir- 

cuits per primary trunk 

facility in any combination 

Maximum number of leg 1,024 256 
facilities for types of fire 
alarm service per primary 
trunk facility in any combi- 
nation® 

System Units at the Super- 
vising Station 

Maximum number of all 10,240 
types of initiating device cir- 

cuits per system unit* 

Maximum number of fire 512b 512> 


protected buildings and 
premises per system unit 


Maximum number of fire 5,120> 
alarm service initiating 

device circuits per system 

Systems Emitting from Sub- — — 


sidiary Station‘ 


‘Includes every initiating device circuit (for example, waterflow, fire 
alarm supervisory, guard, burglary, hold-up). 

Paragraph 5-5.3.4.5.2 shall apply. 

“Same as system units at the supervising station. 


5-5.3.4.5.2 Exceptions to Loading Capacities Listed in Table 
5-5.3.4.5.1. The capacity of a system unit shall be unlimited if 
the signal receiving, processing, display, and recording equip- 
ment are duplicated at the supervising station and a switcho- 
ver is able to be accomplished in not more than 30 seconds 
with no loss of signals during this period. 


5-5.3.5 One-Way Private Radio Alarm Systems. 


5-5.3.5.1 The requirements of 5-5.3.5 for a radio alarm 
repeater station receiver (RARSR) shall be satisfied if signals 
from each radio alarm transmitter (RAT) are received and 


supervised, in accordance with Chapter 5, by at least two inde- 
pendently powered, independently operating, and separately 
located RARSRs. 


5-5.3.5.2* The end-to-end operating time parameters allowed 
for a one-way radio alarm system shall be as follows: 


(1) There shall be a 90 percent probability that the time 
between the initiation of a single fire alarm signal until 
it is recorded at the supervising station will not exceed 
90 seconds. 

(2) There shall be a 99 percent probability that the time 
between the initiation of a single fire alarm signal until 
it is recorded at the supervising station will not exceed 
180 seconds. 

(3) There shall be a 99.999 percent probability that the time 
between the initiation of a single fire alarm signal until 
it is recorded at the supervising station will not exceed 
7.5 minutes (450 seconds), at which time the RAT shall 
cease transmitting. When any number of subsequent 
fire alarm signals occur at any rate, they shall be 
recorded at an average rate no slower than one every 
additional 10 seconds. 

(4) In addition to the maximum operating time allowed for 
fire signals, the system shall be able to record not less 
than 12 simultaneous status changes within 90 seconds at 
the supervising station. 


5-5.3.5.3 Supervision. 


5-5.3.5.3.1 Equipment shall be provided at the supervising 
station for the supervisory and control functions of the super- 
vising or subsidiary station and for the repeater station radio 
transmitting and receiving equipment. This shall be accom- 
plished via a supervised circuit where the radio equipment is 
remotely located from the system unit. The following condi- 
tions shall be supervised at the supervising station: 


(1) Failure of ac power supplying the radio equipment 
(2) Malfunction of RF receiver 
(3) Indication of automatic switchover, if applicable 


5-5.3.5.3.2 Protected Premises. 


5-5.3.5.3.2.1 Interconnections between elements of transmit- 
ting equipment, including any antennas, shall be supervised 
either to cause an indication of failure at the protected pre- 
mises or to transmit a trouble signal to the supervising station. 


5-5.3.5.3.2.2 If elements of transmitting equipment are physi- 
cally separated, the wiring or cabling between them shall be 
protected by conduit. 


5-5.3.5.4 Transmission Channels. 


5-5.3.5.4.1 The one-way RF transmission channel shall origi- 
nate with a one-way RF transmitting device at the protected 
premises and shall terminate at the RF receiving system of an 
RARSR capable of receiving transmissions from such transmit- 
ting devices. 


5-5.3.5.4.2 A receiving network transmission channel shall 
terminate at an RARSR at one end and with either another 
RARSR or a radio alarm supervising station receiver (RASSR) 
at the other end. 


5-5.3.5.4.3 Operation of receiving network transmission 
channels shall conform to the requirements of this code 
whether channels are private facilities, such as microwave, or 
leased facilities furnished by a communications utility com- 
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pany. If private signal transmission facilities are used, the 
equipment necessary to transmit signals shall also comply with 
requirements for duplicate equipment or replacement of crit- 
ical components as described in 5-5.5.2. 


5-5.3.5.4.4 The system shall provide information that indi- 
cates the quality of the received signal for each RARSR super- 
vising each RAT in accordance with 5-5.3.5 and shall provide 
information at the supervising station when such signal qual- 
ity falls below the minimum signal quality levels set forth in 
5-5.3.5. 


5-5.3.5.4.5 Each RAT shall be installed in such a manner so 
as to provide a signal quality over at least two independent 
one-way RF transmission channels, of the minimum quality 
level specified, that satisfies the performance requirements 
in 5-5.2.2 and 5-5.5. 


5-5.3.5.5 Nonpublic one-way radio alarm systems shall be 
divided into two categories based on the following number of 
RASSRs present in the system. 


(1) A Type 6 system shall have one RASSR and at least two 
RARSRs. 

(2) A Type 7 system shall have more than one RASSR and at 
least two RARSRs. 

In a Type 7 system, when more than one RARSR is out of 
service and, as a result, any RATs are no longer being super- 
vised, the affected supervising station shall be notified. 

In a Type 6 system, when any RARSR is out of service, a 
trouble signal shall be annunciated at the supervising station. 


5-5.3.5.6 The loading capacities of one-way radio alarm sys- 
tems are based on the overall reliability of the signal receiving, 
processing, display, and recording equipment at the supervis- 
ing or subsidiary station and the capability to transmit signals 
during adverse conditions of the transmission channels. 
Allowable loading capacities shall be in accordance with Table 
5-5.3.5.6. 


5-5.3.5.7 Exceptions to Loading Capacities Listed in Table 
5-5.3.5.6. If the signal receiving, processing, display, and 
recording equipment is duplicated at the supervising station 
and a switchover is able to be accomplished in not more than 
30 seconds with no loss of signals during this period, the 
capacity of a system unit shall be unlimited. 


5-5.3.6 Directly Connected Noncoded Systems. 


5-5.3.6.1 Circuits for transmission of alarm signals between 
the fire alarm control unit or the transmitter in the protected 
premises and the supervising station shall be arranged so as to 
comply with either of the following provisions. 


(a) These circuits shall be arranged so that the occurrence 
of a single break or single ground fault does not prevent the 
transmission of an alarm signal. Circuits complying with this 
paragraph shall be automatically self-adjusting in the event of 
either a single break or a single ground fault and shall be auto- 
matically self-restoring in the event that the break or fault is 
corrected. 

(b) These circuits shall be arranged so that they are iso- 
lated from ground (except for reference ground detection) 
and so that a single ground fault does not prevent the trans- 
mission of an alarm signal. Circuits complying with this para- 
graph shall be provided with a ground reference circuit so as 
to detect and indicate automatically the existence of a single 
ground fault. 
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Table 5-5.3.5.6 Loading Capacities of One-Way Radio Alarm 
Systems 


Radio Alarm Repeater 
Station Receiver 
(RARSR) 


System Type 


Type 6 Type 7 


Maximum number of 5,120 5,120 
fire alarm service initi- 

ating device circuits 

per RARSR 


Maximum number of 512 512 
RATs for fire 
Maximum number of 10,240 10,240 
all types of initiating 

device circuits per 

RARSR in any combi- 

nation* 


Maximum number of 1,024 1,024 
RATs for all types of 

fire alarm service per 

RARSR in any combi- 

nation®** 


System Units at the 
Supervising Station 


Maximum number of 10,240 10,240° 
all types of initiating 
device circuits per sys- 


tem unit? 


Maximum number of 512> 512> 
fire-protected build- 

ings and premises per 

system unit 


Maximum number of 5,120 5,120 
fire alarm service initi- 
ating device circuits 


per system unit 


Notes: 

1. Each guard tour transmitter shall reduce the allowable RATs by 15. 
2. Each two-way protected premises radio transmitter shall reduce the 
allowable RATs by two. 

‘Includes every initiating device circuit (for example, waterflow, fire 
alarm, supervisory, guard, burglary, hold-up). 

bParagraph 5-5.3.5.7 shall apply. 

‘Each supervised BA (open/close) or each suppressed guard tour 
transmitter shall reduce the allowable RATs by five. 


Exception: A multiple ground-fault condition that would prevent 
alarm operation shall be indicated by an alarm or by a trouble signal. 


5-5.3.6.2 Circuits for transmission of supervisory signals 
shall be separate from alarm circuits. These circuits within 
the protected premises and between the protected premises 
and the supervising station shall be arranged as described in 
5-5.3.6.1(a) or (b). 


Exception: If the reception of alarm signals and supervisory signals at 
the same supervising station is permitted by the authority having juris- 
diction, the supervisory signals do not interfere with the alarm signals, 
and alarm signals have priority, the same circuit between the protected 
premises and the supervising station shall be permitted to be used for 
alarm and supervisory signals. 
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5-5.3.6.3 The occurrence of a single break or a single ground 
fault on any circuit shall not of itself cause a false signal that is 
able to be interpreted as an alarm of fire. 


5-5.3.6.4 The requirements of 5-5.3.6.1 and 5-5.3.6.2 shall not 
apply to the following circuits: 


(1) Circuits wholly within the supervising station 

(2) Circuits wholly within the protected premises extending 
from one or more automatic fire detectors or other non- 
coded initiating devices other than waterflow devices to a 
transmitter or control unit 

(3) Power supply leads wholly within the building or build- 
ings protected 


5-5.3.6.5 Loading Capacity of Circuits. 


5-5.3.6.5.1 The number of initiating devices connected to any 
signaling circuit and the number of plants that shall be permit- 
ted to be served by a signal circuit shall be determined by the 
authority having jurisdiction and shall not exceed the limita- 
tions specified in 5-5.3.6.5. 

A plant shall be permitted to consist of one or more build- 
ings under the same ownership. 


5-5.3.6.5.2* A single circuit shall not serve more than one 
plant. 


5-5.3.7 Private Microwave Radio Systems. 


5-5.3.7.1* Ifa private microwave radio is used as the transmis- 
sion channel and communications channel, supervised trans- 
mitting and receiving equipment shall be provided at 
supervising, subsidiary, and repeater stations. 


5-5.3.7.2 If more than five protected buildings or premises or 
50 initiating devices or initiating device circuits are being ser- 
viced by a private radio carrier, the supervising, subsidiary, and 
repeater station radio facilities shall meet all of the following 
criteria. 

(a) Dual supervised transmitters, arranged for automatic 
switching from one to the other in case of trouble, shall be 
installed. If the transmitters are located where someone is 
always on duty, switchboard facilities shall be permitted to be 
manually operated, provided the switching is able to be car- 
ried out within 30 seconds. If the transmitters are located 
where no one is continuously on duty, the circuit extending 
between the supervising station and the transmitters shall be a 
supervised circuit. 

(b) *Transmitters shall be operated on a time ratio of 2:1 
within each 24 hours. 

(c) Dual receivers shall be installed with a means for select- 
ing a usable output from one of the two receivers. The failure 
of one shall in no way interfere with the operation of the 
other. Failure of either receiver shall be annunciated. 


5-5.3.7.3 Means shall be provided at the supervising station 
for the supervision and control of supervising, subsidiary, and 
repeater station radio transmitting and receiving equipment. 
If the radio equipment is remote from the supervising station, 
this shall be accomplished via a supervised circuit. 

The following conditions shall be supervised at the super- 
vising station: 
(1) Transmitter in use (radiating) 
(2) Failure of ac power supplying the radio equipment 
(3) Receiver malfunction 
(4) Indication of automatic switchover 


It shall be possible to independently deactivate either trans- 
mitter from the supervising station. 


5-5.4 Other Transmission Technologies. 


5-5.4.1 Other transmission technologies shall include those 
transmission technologies that operate on principles differ- 
ent from transmission technologies covered by 5-5.3.1 
through 5-5.3.7. Such transmission technologies shall be per- 
mitted to be installed if they conform to the requirements of 
5-5.4 and to all other applicable requirements of this code. 


5-5.4.2 Fire alarm system equipment and installations shall 
comply with the Federal Communications Commission (FCC) 
rules and regulations, as applicable, concerning electromag- 
netic radiation, use of radio frequencies, and connections to 
the public switched telephone network of telephone equip- 
ment, systems, and protection apparatus. 


5-5.4.3 Equipment shall be installed in compliance with 
NFPA 70, National Electrical Code. 


5-5.4.4 Provision shall be made to monitor the integrity of the 
transmission technology and its communications path. 


5-5.4.4.1 Any failure shall be annunciated at the supervising 
station within 5 minutes of the failure. 


5-5.4.4.2 If communications cannot be established with the 
supervising station, an indication of this failure to communi- 
cate shall be annunciated at the protected premises. 


5-5.4.4.3 Ifa portion of the communications path cannot be 
monitored for integrity, a redundant communications path 
shall be provided. 


5-5.4.4.3.1 Provision shall be made to monitor the integrity of 
the redundant communications path. 


5-5.4.4.3.2 Failure of both the primary and redundant com- 
munications paths shall be annunciated at the supervising sta- 
tion within not more than 24 hours of the failure. 


5-5.4.4.4 System units at the supervising station shall be 
restored to service within 30 minutes of a failure. 


5-5.4.4.5 The transmission technology shall be designed so 
that upon failure of a transmission channel serving a system 
unit at the supervising station, the loss of the ability to monitor 
shall not affect more than 3000 transmitters. 


5-5.4.5 Spare System Unit Equipment. 

5-5.4.5.1 Sufficient spare equipment shall be maintained at the 
supervising station such that any failed piece of equipment can 
be replaced and the systems unit restored to full operation. 


5-5.4.5.2 The complement of spare parts shall be sufficient to 
replace any failed critical component. 


Exception: If multiples of the same components are used at the super- 
vising station, the ratio of available spare parts to units in service shall 
be 1 to 5 minimum. 


5-5.4.6 Loading Capacity of a System Unit. 


5-5.4.6.1 The maximum number of independent fire alarm 
systems connected to a single system unit shall be limited to 
512. 


5-5.4.6.2 If duplicate spare system units are maintained at the 
supervising station and switchover can be achieved in 30 sec- 
onds, then the system capacity is unlimited. 
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5-5.4.7 End-to-End Communication Time for an Alarm. The 
maximum duration between the initiation of an alarm signal 
at the protected premises, transmission of the signal, and sub- 
sequent display and recording of the alarm signal at the super- 
vising station shall not exceed 90 seconds. 


5-5.4.8 Unique Premises Identifier. If a transmitter shares a 
transmission or communications channel with other transmit- 
ters, it shall have a unique transmitter identifier. 


5-5.4.9 Recording and Display Rate of Subsequent 
Alarms. Recording and display of alarms at the supervising 
station shall be at a rate no slower than one complete signal 
every 10 seconds. 


5-5.4.10 Signal Error Detection and Correction. 


5-5.4.10.1_ Communication of alarm, supervisory, and trouble 
signals shall be in a highly reliable manner to prevent degra- 
dation of the signal in transit, which in turn would result in 
either of the following: 


(1) Failure of the signal to be displayed and recorded at the 
supervising station 

(2) An incorrect corrupted signal displayed and recorded at 
the supervising station 


5-5.4.10.2 Enhanced reliability of the signal shall be achieved 
by any of the following: 


(1) Signal repetition — multiple transmissions repeating the 
same signal 

(2) Parity check — a mathematically check sum algorithm of 
a digital message that verifies correlation between trans- 
mitted and received message 

(3) An equivalent means to (1) or (2) that provides a cer- 
tainty of 99.99 percent that the received message is iden- 
tical to the transmitted message. 


5-5.4.11 Signal Priority. If the communications methodology 
is shared with any other usage, all fire alarm, supervisory, and 
trouble signals shall take precedence, in that respective order 
of priority, over all other signals. 


Exception: Signals from hold-up alarms or other signals indicating 
life-threatening situations shall be permitted to take precedence over su- 
pervisory and trouble signals if acceptable to the authority having ju- 
risdiction. 


5-5.4.12 Sharing Communications Equipment On-Pre- 
mises. If the fire alarm transmitter is sharing on-premises 
communications equipment, the shared equipment shall be 
listed for the purpose. If on-premises communications equip- 
ment is not listed for the purpose, the fire alarm transmitter 
shall be installed ahead of the unlisted communications 
equipment. 


5-5.4.13 Service Provider Diversity. When a redundant path 
is required, the alternate path shall be provided by a public 
communications service provider different from the primary 
path, if available. 

5-5.4.14 Throughput Probability. When the supervising sta- 
tion does not regularly communicate with the transmitter at 
least once every 200 seconds, then the throughput probability of 
the alarm transmission must be at least 90 percent in 90 seconds, 
99 percent in 180 seconds, or 99.999 percent in 450 seconds. 


5-5.4.15 Unique Flaws Not Covered by This Code. If a com- 
munications technology has a unique flaw that could result in 
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the failure to communicate a signal, the implementation of that 
technology for fire alarm signaling shall compensate for that 
flaw so as to eliminate the risk of missing a fire alarm signal. 


5-5.5 Display and Recording Requirements for All 
Transmission Technologies. 


5-5.5.1* Any status changes, including the initiation or restora- 
tion to normal of a trouble condition, that occur in an initiating 
device or in any interconnecting circuits or equipment, includ- 
ing the local protected premises controls from the location of 
the initiating device(s) to the supervising station, shall be pre- 
sented in a form to expedite prompt operator interpretation. 
Status change signals shall provide the following information. 


(a) Type of Signal. Identification of the type of signal to 
show whether it is an alarm, supervisory, delinquency, or trou- 
ble signal 

(b) Condition. Identification of the signal to differentiate 
between an initiation of an alarm, supervisory, delinquency, 
or trouble signal and a clearing from one or more of these 
conditions 


(c) Location. Identification of the point of origin of each 
status change signal 


5-5.5.2* If duplicate equipment for signal receiving, process- 
ing, display, and recording is not provided, the installed 
equipment shall be designed so that any critical assembly is 
able to be replaced from on-premises spares and the system is 
able to be restored to service within 30 minutes. A critical 
assembly shall be an assembly in which a malfunction prevents 
the receipt and interpretation of signals by the supervising sta- 
tion operator. 


Exception: Proprietary and remote station systems. 


5-5.5.3* Any method of recording and display or indication of 
change of status signals shall be permitted, provided all of the 
following conditions are met. 


(a) Each change of status signal requiring action to be 
taken by the operator shall result in an audible signal and not 
less than two independent methods of identifying the type, 
condition, and location of the status change. 


(b) Each change of status signal shall be automatically 
recorded. The record shall provide the type of signal, condi- 
tion, and location as required by 5-5.5.1 in addition to the time 
and date the signal was received. 


(c) Failure of an operator to acknowledge or act upon a 
change of status signal shall not prevent subsequent alarm sig- 
nals from being received, indicated or displayed, and 
recorded. 


(d) Change of status signals requiring action to be taken by 
the operator shall be displayed or indicated in a manner that 
clearly differentiates them from those that have been acted 
upon and acknowledged. 


(e) Each incoming signal to a DACR or DARR shall cause 
an audible signal that persists until manually acknowledged. 


Exception: Test signals required by 5-5.3.2.1.10 received at a DACR 
or a DARR. 


5-5.6 Testing and Maintenance Requirements for All Trans- 
mission Technologies. Testing and maintenance of commu- 
nications methods shall be in accordance with the require- 
ments of Chapter 7. 
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Chapter 6 Public Fire Alarm Reporting Systems 


6-1 Public Fire Alarm Reporting Systems. If permitted by the 
authority having jurisdiction, use of systems described in 
Chapter 6 shall be permitted to provide defined reporting 
functions from or within private premises. 


6-1.1 The requirements of Chapters 1 and 7 shall apply to 
public and auxiliary fire alarm reporting systems, unless they 
conflict with the requirements of this chapter. 


6-1.2 Scope. This chapter covers the general requirements 
and use of public and auxiliary fire alarm reporting systems. 
These systems include the equipment necessary to effect the 
transmission and reception of fire alarms or other emergency 
calls connected to the public fire alarm reporting system. 


6-2 General Fundamentals. 


6-2.1* If implemented at the option of the authority having 
jurisdiction, a public fire alarm reporting system shall be 
designed, installed, operated, and maintained to provide the 
maximum practicable reliability for transmission and receipt 
of fire alarms. 


6-2.2 A public fire alarm reporting system, as described 
herein, shall be permitted to be used for the transmission of 
other signals or calls of a public emergency nature, provided 
such transmission does not interfere with the transmission and 
receipt of fire alarms. 


6-2.3 If applicable, electronic computer/data processing 
equipment shall be protected in accordance with NFPA 75, 
Standard for the Protection of Electronic Computer/Data Processing 
Equipment. 


6-2.4 Ifa Type A system is required, automatic retransmission 
of alarms from boxes by use of electronic equipment shall be 
permitted, provided the following conditions are met: 


(1) Approved facilities are provided for the automatic 
receipt, storage, retrieval, and retransmission of alarms in 
the order received. 

(2) Override capability is provided to the operator(s) so that 
manual transmission at the dispatch facilities is immedi- 
ately able to be used. 


6-3 Management and Maintenance. The requirements of Chap- 
ter 7 shall apply. 


6-3.1 All systems shall be under the control of a responsible 
jurisdictional employee. If maintenance is provided by an 
organization or person other than the municipality or its 
employees, complete written records of the installation, main- 
tenance, test, and extension of the system shall be forwarded 
to the responsible employee as soon as possible. 


6-3.2 Maintenance by an organization or person other than 
from the jurisdiction or an employee of the jurisdiction shall 
be by written contract, guaranteeing performance acceptable 
to the authority having jurisdiction. 


6-3.3 All equipment shall be accessible to the authority having 
jurisdiction for the purpose of maintenance. 


6-4 Equipment and Installation. 


6-4.1 Means for actuation of alarms by the public shall be located 
where they are conspicuous and accessible for operation. 


6-4.2 Records of wired public fire alarm reporting system cir- 
cuits shall include the following: 


(1) Outline plans showing terminals and box sequence 

(2) Diagrams of applicable office wiring 

(3) List of materials used, including trade name, manufac- 
turer, and year of purchase or installation 


6-4.2.1 Public fire alarm reporting systems as defined in this 
chapter, shall, in their entirety, be subject to a complete oper- 
ational acceptance test upon completion of system installa- 
tion. This test(s) shall be made in accordance with the 
requirements of the authority having jurisdiction. However, in 
no case shall the operational functions tested be less than 
those stipulated in Chapter 7. Acceptance tests shall also be 
performed on any alarm reporting devices as identified in this 
chapter that are added subsequent to the installation of the 
initial system. 


6-4.3 Publicly accessible boxes shall be recognizable as such. 
Boxes shall have operating instructions plainly marked on the 
exterior surface. 


6-4.4 The actuating device shall be of such design and so 
located as to make the method of its use apparent. 


6-4.5 Publicly accessible boxes shall be conspicuous. Their 
color shall be distinctive. 


6-4.6 All publicly accessible boxes mounted on support poles 
shall be identified by a wide band of distinctive colors or signs 
placed 8 ft (2.44 m) above the ground and visible from all 
directions wherever possible. 


6-4.7* Indicating lights of a distinctive color, visible for at least 
1500 ft (460 m), shall be installed over publicly accessible 
boxes in mercantile and manufacturing areas. Equipping the 
street light nearest the box with a distinctively colored light 
shall meet this requirement. 


6-4.8 Boxes shall be mounted in an approved manner on 
poles, pedestals, or structural surfaces as directed by the 
authority having jurisdiction. 


6-4.9 Concurrent operation of at least four boxes shall not 
result in the loss of an alarm. 


6-5 Publicly Accessible Fire Service Boxes (Street Boxes). 


6-5.1 Street boxes, when in an abnormal condition, shall leave 
the circuit usable. 


6-5.2 Street boxes shall be designed so that recycling does not 
occur if a box actuating device is held in the actuating posi- 
tion. Street boxes shall be ready to accept a new signal as soon 
as the actuating device is released. 


6-5.3* Street boxes, when actuated, shall give a visible or audi- 
ble indication to the user that the box is operating or that the 
signal has been transmitted to the communications center. 


6-5.4 The street box housing shall protect the internal com- 
ponents from the weather. 


6-5.5 Doors on street boxes shall remain operable under 
adverse climatic conditions, including icing and salt spray. 


6-5.6 Street boxes shall be recognizable as such. Street boxes 
shall have instructions for use plainly marked on their exterior 
surfaces. 
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6-5.7 Street boxes shall be securely mounted on poles, pedes- 
tals, or structural surfaces as directed by the authority having 
jurisdiction. 


6-5.8 Street boxes shall be as conspicuous as possible. Their 
color shall be distinctive, and they shall be visible from as 
many directions as possible. A wide band of distinctive colors 
visible over the tops of parked cars or adequate signs com- 
pletely visible from all directions shall be applied to support- 
ing poles. 


6-5.9* Location-designating lights of distinctive color, visible 
for at least 1500 ft (460 m) in all directions, shall be installed 
over street boxes. The street light nearest the street box, if 
equipped with a distinctively colored light, shall be considered 
as meeting this requirement. 


6-5.10 Street box cases and parts that are, at any time, accessi- 
ble to users shall be of insulating materials or permanently 
and effectively grounded. All ground connections to street 
boxes shall comply with the requirements of NFPA 70, 
National Electrical Cod, Article 250. 


6-5.11 Ifa street box is installed inside a structure, it shall be 
placed as close as is practicable to the point of entrance of the 
circuit, and the exterior wire shall be installed in conduit or 
electrical metallic tubing in accordance with Chapter 3 of 
NFPA 70, National Electrical Code. 


6-5.12 Coded Radio Street Boxes. 


6-5.12.1 Coded radio street boxes shall be designed and oper- 
ated in compliance with all applicable rules and regulations of 
the FCG, as well as with the requirements established herein. 


6-5.12.2 Coded radio street boxes shall provide no less than 
three specific and individually identifiable functions to the 
communications center, in addition to the street box number, 
as follows: 


(1) Test 
(2) Tamper 
(3) Fire 


6-5.12.3* Coded radio street boxes shall transmit to the com- 
munications center no less than one repetition for “test,” no 
less than one repetition for “tamper,” and no less than three 
repetitions for “fire.” 


6-5.12.4 If multifunction coded radio street boxes are used to 
transmit to the communications center a request(s) for emer- 
gency service or assistance in addition to those stipulated in 6- 
5.12.2, each such additional message function shall be individ- 
ually identifiable. 


6-5.12.5 Multifunction coded radio street boxes shall be 
designed so as to prevent the loss of supplemental or concur- 
rently actuated messages. 


6-5.12.6 An actuating device held or locked in the activating 
position shall not prevent the activation and transmission of 
other messages. 


6-5.12.7 Power Source. 


6-5.12.7.1 Box primary power shall be permitted to be from a 
utility distribution system, a photovoltaic power system, or user 
power, or shall be selfpowered using either an integral battery 
or other stored energy source, as approved by the authority 
having jurisdiction. 
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6-5.12.7.2 Self-powered boxes shall have sufficient power for 
uninterrupted operation for a period of not less than 6 
months. Self-powered boxes shall transmit a low power warn- 
ing message to the communications center for at least 15 days 
prior to the time the power source will fail to operate the box. 
This message shall be part of all subsequent transmissions. 

Use of a charger to extend the life of a selfpowered box 
shall be permitted if the charger does not interfere with box 
operation. The box shall be capable of operation for not less 
than 6 months with the charger disconnected. 


6-5.12.7.3 Boxes powered by a utility distribution system 
shall have an integral standby, sealed, rechargeable battery 
that is capable of powering box functions for at least 60 hours 
in the event of primary power failure. Transfer to standby 
battery power shall be automatic and without interruption to 
box operation. If operating from primary power, the box 
shall be capable of operation with a dead or disconnected 
battery. A local trouble indication shall activate upon pri- 
mary power failure. A battery charger shall be provided in 
compliance with 1-5.2.8.2, except as modified herein. 

If the primary power has failed, boxes shall transmit a 
power failure message to the communications center as part of 
subsequent test messages until primary power is restored. A 
low-battery message shall be transmitted to the communica- 
tions center if the remaining battery standby time is less than 
54 hours. 


6-5.12.7.4 Photovoltaic power systems shall provide box oper- 
ation for not less than 6 months. 

Photovoltaic power systems shall be supervised. The battery 
shall have power to sustain operation for a minimum period 
of 15 days without recharging. The box shall transmit a trou- 
ble message to the communications center when the charger 
has failed for more than 24 hours. This message shall be part 
of all subsequent transmissions. If the remaining battery 
standby duration is less than 10 days, a low-battery message 
shall be transmitted to the communications center. 


6-5.12.7.5 User-powered boxes shall have an automatic self 
test feature. 


6-5.13 Telephone Street Boxes. 


6-5.13.1 If a handset is used, the caps on the transmitter and 
receiver shall be secured to reduce the probability of the tele- 
phone street box being disabled due to vandalism. 


6-5.13.2 Telephone street boxes shall be designed to allow the 
communications center operator to determine whether or not 
the telephone street box has been restored to normal condi- 
tion after use. 


6-6* Location. 


6-6.1 The location of publicly accessible boxes shall be desig- 
nated by the authority having jurisdiction. 


6-6.2 Schools, hospitals, nursing homes, and places of public 
assembly shall have a box located at the main entrance, as 
directed by the authority having jurisdiction. 


6-7 Power Supply. 
6-7.1 General. 


6-7.1.1 Batteries, motor-generators, or rectifiers shall be able 
to supply all connected circuits without exceeding the capacity 
of any battery or overloading any generator or rectifier, so that 
circuits developing grounds or crosses with other circuits each 
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shall be able to be supplied by an independent source to the 
extent required by 6-7.1.8. 


6-7.1.2 Provision shall be made in the operating room for sup- 
plying any circuit from any battery, generator, or rectifier. 
Enclosed fuses shall be provided at points where supplies for 
individual circuits are taken from common leads. Necessary 
switches, testing, and signal transmitting and receiving devices 
shall be provided to allow the isolation, control, and test of 
each circuit up to at least 10 percent of the total number of 
box and dispatch circuits, but never less than two circuits. 


6-7.1.3 If common-current source systems are grounded, the 
ground shall not exceed 10 percent of resistance of any con- 
nected circuit and shall be located at one side of the battery. 
Visual and audible indicating devices shall be provided for 
each box and dispatch circuit to give immediate warning of 
ground leakage endangering operability. 


6-7.1.4 Local circuits at communications centers shall be sup- 
plied either in common with box circuits or coded radio- 
receiving system circuits or by a separate power source. The 
source of power for local circuits required to operate the 
essential features of the system shall be supervised. 


6-7.1.5 Visual and audible means to indicate a 15 percent or 
greater reduction of normal power supply (rated voltage) 
shall be provided. 


6-7.1.6 If the electrical service/capacity of the equipment 
required under 2-1.6 of NFPA 1221, Standard for the Installation, 
Maintenance, and Use of Emergency Services Communications Sys- 
tems, is adequate to satisfy the needs of equipment in this chap- 
ter, such equipment shall not be required to be duplicated. 


6-7.1.7 The forms and arrangements of power supply shall be 
as classified in 6-7.1.7. 


6-7.1.8 Form 4. 


6-7.1.8.1 Each box circuit or coded radio receiving system 
shall be served by the following: 


(a) *Form 4A. An inverter, powered from a common recti- 
fier, receiving power by a single source of alternating current 
with a floating storage battery having a 24-hour standby capac- 
ity. 

(b) *Form 4B. An inverter, powered from a common recti- 
fier, receiving power from two sources of alternating current 
with a floating storage battery having a 4-hour standby capac- 
ity. 

(c) Form 4A and Form 4B. It shall be permitted to distribute 
the system load between two or more common rectifiers and 
batteries. 


(d) *Form 4C. A rectifier, converter, or motor-generator 
receiving power from two sources of alternating current with 
transfer facilities to apply power from the secondary source to 
the system within 30 seconds. 


6-7.1.8.2 Form 4A and Form 4B shall be permitted to distrib- 
ute the system load between two or more common rectifiers 
and batteries. 


6-7.2 Rectifiers, Converters, Inverters, and Motor-Generators. 


6-7.2.1 Rectifiers shall be supplied through an isolating trans- 
former that takes energy from a circuit not to exceed 250 volts. 


6-7.2.2. Complete spare units or spare parts shall be in reserve. 


6-7.2.3 One spare rectifier shall be provided for each ten 
required for operation, but in no case shall less than one be 
provided. 


6-7.2.4 Leads from rectifiers or motor-generators, with 
storage battery floating, shall have fuses rated at not less 
than 1 ampere and not more than 200 percent of maximum 
connected load. If not provided with battery floating, the 
fuse shall be not less than 3 amperes. 


6-7.3_ Engine-Driven Generator Sets. 


6-7.3.1 The provisions of 6-7.3 shall apply to generators driven 
by internal combustion engines. 


6-7.3.2 The installation of engine-driven generator sets shall 
conform to the provisions of NFPA 37, Standard for the Installa- 
tion and Use of Stationary Combustion Engines and Gas Turbines, 
and NFPA 110, Standard for Emergency and Standby Power Systems. 


Exception: Where restricted by the provisions of 6-7. 3. 


6-7.3.3. The engine-driven generator shall be located in a ven- 
tilated cutoff area of the building that houses the alarm-receiv- 
ing equipment. 


6-7.3.3.1 The area that houses the unit shall be used for no 
other purpose than for storage of spare parts or equipment. 


6-7.3.3.2 Exhaust fumes shall be discharged directly outside 
the building. 


6-7.3.4 Liquid fuel shall be stored in outside underground 
tanks and gravity feed shall not be used. Fuel shall be provided 
for 24 hours of operation at full load where a reliable source 
of fuel supply is able to be provided, at any time, on a 2-hour 
notice. If a source of supply is not reliable or able to be pro- 
vided on a 2-hour notice, special arrangements shall to be 
made for refueling as necessary. A supply for 48 hours of oper- 
ation at full load shall be maintained. 


6-7.3.5 Liquefied petroleum gas and natural gas installations 
shall meet the requirements of NFPA 54, National Fuel Gas 
Code, and NFPA 58, Liquefied Petroleum Gas Code. 


6-7.3.6 The unit, as a minimum, shall have the capacity to sup- 
ply power to operate all fire alarm facilities and emergency 
lighting of the operating rooms or communications building. 


6-7.3.7 A separate storage battery on automatic float charger 
shall be provided for starting the engine-driven generator. 


6-7.3.8 If more than one engine-driven generator is provided, 
each shall be provided with a separate fuel line and transfer 


pump. 
6-7.4 Float-Charged Batteries. 


6-7.4.1 Float-charged batteries shall be of the storage type. Pri- 
mary batteries (dry cells) shall not be used. All cells shall be of 
the sealed type. 


6-7.4.2 Float-charged batteries shall be located on the same 
floor of the building as the operating equipment and shall be 
available for maintenance and inspection. 


6-7.4.3 Batteries shall be mounted to provide effective insula- 
tion from the ground and from other batteries. The mounting 
shall be suitably protected against deterioration, and shall pro- 
vide stability, especially in geographic areas subject to seismic 
disturbance. 
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6-8 Requirements for Metallic Systems and Metallic 
Interconnections. 


6-8.1 Circuit Conductors. 


6-8.1.1 Wires shall be terminated so as to prevent breaking 
from vibration or stress. 


6-8.1.2 Circuit conductors on terminal racks shall be identi- 
fied and isolated from conductors of other systems wherever 
possible and shall be suitably protected from mechanical 
injury. 

6-8.1.3 Exterior cable and wire shall conform to International 
Municipal Signal Association (IMSA) specifications or an 
approved equivalent. 


Exception: If circuit conductors are provided by a public utility on a 
lease basis, IMSA specifications shall not apply. 


6-8.1.4 Ifa public box is installed inside a building, the circuit 
from the point of entrance to the public box shall be installed 
in rigid metal, intermediate metal conduit, or electrical metal- 
lic tubing in accordance with NFPA 70, National Electrical Code. 


Exception: This requirement shall not apply to coded radio box systems. 
6-8.2 Cables. 
6-8.2.1 General. 


6-8.2.1.1 Exterior cable and wire shall conform to IMSA spec- 
ifications or an approved equivalent. 


6-8.2.1.1.1 Overhead, underground, or direct burial cables 
shall be specifically approved for the purpose. 


6-8.2.1.1.2 Cables used in interior installations shall comply 
with NFPA 70, National Electrical Code. 


6-8.2.1.2 Paper or pressed pulp insulation shall not be permitted. 


Exception: Cables containing conductors with such insulation shall 
be permitted if pressurized with dry air or nitrogen. 


6-8.2.1.2.1 Loss of pressure in cables shall be indicated by a 
visual or audible warning system, located where an individual 
is in constant attendance who is able to interpret the pressure 
readings and who has authority to have the indicated abnor- 
mal condition corrected. 


6-8.2.1.3. Natural rubber-sheathed cable shall not be used if it 
is able to be exposed to oil, grease, or other substances or con- 
ditions that tend to deteriorate the cable sheath. Braided- 
sheathed cable shall be used only inside of buildings if it is run 
in conduit or metal raceways. 


6-8.2.1.4 Other municipally controlled signal wires shall be 
permitted to be installed in the same cable with fire alarm 
wires. Cables controlled by or containing wires of private sig- 
naling organizations shall be permitted to be used for fire 
alarm purposes only by permission of the authority having 
jurisdiction. 


6-8.2.1.5 Signaling wires that are able to introduce a hazard, 
because of the source of current supply, shall be protected in 
accordance with NFPA 70, National Electrical Code. 


6-8.2.1.6 All cables with all taps and splices made shall be 
tested for insulation resistance when installed, but before con- 
nection to terminals. Such tests shall indicate an insulation 
resistance of at least 200 megohms per mile between any one 
conductor and all other conductors, the sheath, and the 
ground. 
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6-8.2.2 Underground Cables. 


6-8.2.2.1 Underground cables in duct or direct burial shall be 
brought aboveground only at points where liability of mechan- 
ical injury or of disablement from heat incidental to fires in 
adjacent buildings is minimized. 


6-8.2.2.2 Cables shall be permitted in duct systems and man- 
holes containing low-tension fire alarm system conductors 
only, except low-tension secondary power cables shall be per- 
mitted. If in duct systems or manholes that contain power cir- 
cuit conductors in excess of 250 volts to ground, fire alarm 
cables shall be located as far as possible from such power 
cables and shall be separated from them by a noncombustible 
barrier or by such other means as is practicable to protect the 
fire alarm cables from injury. 


6-8.2.2.3 All cables installed in manholes shall be racked and 
marked for identification. 


6-8.2.2.4 All conduits or ducts entering buildings from under- 
ground duct systems shall be effectively sealed against mois- 
ture or gases entering the building. 


6-8.2.2.5 Cable joints shall be located only in manholes, fire 
stations, and other locations where accessibility is provided 
and where there is little liability of injury to the cable due to 
either falling walls or operations in the buildings. Open cable 
joints shall be made to provide and maintain conductivity, 
insulation, and protection at least equal to that afforded by the 
cables that are joined. Cable ends shall be sealed against mois- 
ture. 


6-8.2.2.6 Direct-burial cable, without enclosure in ducts, shall 
be laid in grass plots, under sidewalks, or in other places where 
the ground is not likely to be opened for other underground 
construction. If splices are made, such splices shall, if practica- 
ble, be accessible for inspection and tests. Such cables shall be 
buried at least 18 in. (0.5 m) deep and, where crossing streets 
or other areas likely to be opened for other underground con- 
struction, shall be in duct or conduit or be covered by creo- 
soted planking of at least 2 in. x 4 in. (50 mm X 100 mm) with 
half-round grooves, spiked or banded together after the cable 
is installed. 


6-8.2.3 Aerial Construction. 


6-8.2.3.1 Fire alarm wires shall be run under all other wires 
except communications wires. Suitable precautions shall be 
provided if passing through trees, under bridges, over rail- 
roads, and at other places where injury or deterioration is pos- 
sible. Wires and cables shall not be attached to a crossarm that 
carries electric light and power wires, except circuits carrying 
up to 220 volts for public communications use, and then only 
if the 220-volt circuits are tagged or otherwise identified. 


6-8.2.3.2 Aerial cable shall be supported by messenger wire of 
approved tensile strength. 


Exception: Two-conductor cable that has conductors of No. 20 AWG 
or larger size and has mechanical strength equal to No. 10 AWG hard- 
drawn copper. 


6-8.2.3.3 Single wire shall meet IMSA specifications and shall 
not be smaller than No. 10 Roebling gauge if of galvanized 
iron or steel, No. 10 AWG if of hard-drawn copper, No. 12 
AWG if of approved copper-covered steel, or No. 6 AWG if of 
aluminum. Span lengths shall not exceed the manufacturer’s 
recommendations. 
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6-8.2.3.4 Wires to buildings shall contact only intended sup- 
ports and shall enter through an approved weatherhead or 
suitable sleeves slanting upward and inward. Drip loops shall 
be formed on wires outside of buildings. 


6-8.2.4 Leads Down Poles. 


6-8.2.4.1 Leads down poles shall be protected against 
mechanical injury. Any metallic covering shall form a contin- 
uous conducting path to ground. Installation, in all cases, shall 
prevent water from entering the conduit or box. 


6-8.2.4.2 Leads to boxes shall have 600-volt insulation 
approved for wet locations, as defined in NFPA 70, National 
Electrical Code. 


6-8.2.5 Wiring Inside Buildings. 


6-8.2.5.1 At the communications center, conductors shall 
extend as directly as possible to the operating room in con- 
duits, ducts, shafts, raceways, or overhead racks and troughs of 
a type of construction affording protection against fire and 
mechanical injury. 


6-8.2.5.2 All conductors inside buildings shall be in conduit, 
electrical tubing, metal molding, or raceways. Installation 
shall be in accordance with NFPA 70, National Electrical Code. 


6-8.2.5.3, Conductors shall have an approved insulation. The 
insulation or other outer covering shall be flame retardant 
and moisture resistant. 


6-8.2.5.4 Conductors shall be installed as far as possible with- 
out joints. Splices shall be permitted only in listed junction or 
terminal boxes. Fire alarm circuits shall be identified by the 
use of red covers or doors and the words “municipal fire alarm 
circuit” shall be clearly marked on all terminal and junction 
locations to prevent unintentional interference. Wire termi- 
nals, terminal boxes, splices, and joints shall conform to NFPA 
70, National Electrical Code. 


6-8.2.5.5 Conductors bunched together in a vertical run that 
connects two or more floors shall have a flame-retardant cov- 
ering that is able to prevent the carrying of fire from floor to 
floor. 


Exception: This requirement shall not apply where the conductors are 
encased in a metallic conduit or located in a fire-resistive shaft having 
fire stops at each floor. 


6-8.2.5.6 Cable and wiring exposed to a fire hazard shall be 
protected in an approved manner. 


6-8.2.5.7 Cable terminals and cross-connecting facilities shall 
be located in or adjacent to the operations room. 


6-8.2.5.8 If signal conductors and electric light and power 
wires are run in the same shaft, they shall be separated by at 
least 2 in. (51 mm), or either system shall be encased in a non- 
combustible enclosure. 


6-9 Facilities for Signal Transmission. 
6-9.1 Circuits. 
6-9.1.1 General. 


6-9.1.1.1 ANSI/IEEE C2, National Electrical Safety Code, shall be 
used as a guide for the installation of outdoor circuitry. 


6-9.1.1.2 Installation shall provide for the following: 


(1) Continuity of service 
(2) Protection from mechanical damage 


(3) Disablement from heat that is incidental to fire 
(4) Protection from falling walls 
(5) Damage by floods, corrosive vapors, or other causes 


6-9.1.1.3 Open local circuits within single buildings shall be 
permitted in accordance with Chapter 3. 


6-9.1.1.4 All circuits shall be routed so as to allow tracing of 
circuits for trouble. 


6-9.1.1.5 Circuits shall not pass over, under, through, or be 
attached to buildings or property not owned by or under the 
control of the authority having jurisdiction or the agency 
responsible for maintaining the system. 


Exception: Where the circuit is terminated at a public fire alarm re- 
porting system initiating device on the premises and where a means, 
approved by the authority having jurisdiction, is provided to discon- 
nect the circuit from the building or property. 


6-9.1.2 Box Circuits. A means provided only to the authority 
having jurisdiction or the agency responsible for maintaining 
the public fire alarm reporting system shall be provided for 
disconnecting the circuit inside the building. Definite notifi- 
cation shall be given to the designated building representative 
when the interior box(es) is out of service. 


6-9.1.3 Tie Circuits. 


6-9.1.3.1 A separate tie circuit shall be provided from the 
communications center to each subsidiary communications 
center. 


6-9.1.3.2 The tie circuit between the communications center 
and the subsidiary communications center shall not be used 
for any other purpose. 


6-9.1.3.3 In a Type B wire system, if all boxes in the system are 
of the succession type, it shall be permitted to use the tie cir- 
cuit as a dispatch circuit to the extent permitted by NFPA 
1221, Standard for the Installation, Maintenance, and Use of Emer- 
gency Services Communications Systems. 


6-9.1.4* Circuit Protection. 
6-9.1.4.1 General. 


6-9.1.4.1.1 The protective devices shall be located close to or 
be combined with the cable terminals. 


6-9.1.4.1.2 Surge arresters for the purpose shall be provided. 
Surge arresters shall be marked with the name of the manufac- 
turer and model designation. 


6-9.1.4.1.3 All surge arresters shall be connected to a ground 
in accordance with NFPA 70, National Electrical Code. 


6-9.1.4.1.4 All fuses shall be plainly marked with their rated 
ampere capacity. All fuses rated over 2 amperes shall be of the 
enclosed type. 


6-9.1.4.1.5 Circuit protection required at the communica- 
tions center shall be provided in every building that houses 
communications center equipment. 


6-9.1.4.1.6 Each conductor entering a fire station from par- 
tially or entirely aerial lines shall be protected by a lightning 
arrester. 


6-9.1.4.2 Communications Center. 


6-9.1.4.2.1 All conductors entering the communications cen- 
ter shall be protected by the following devices, in the order 
named, starting from the exterior circuit: 
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(1) A fuse rated at 3 amperes minimum to 7 amperes maxi- 
mum and not less than 2000 volts 

(2) Asurge arrester(s) 

(3) A fuse or circuit breaker rated at !/ ampere 


6-9.1.4.2.2 The !/o-ampere protection on the tie circuits shall 
be omitted at subsidiary communications centers. 


6-9.1.4.3 Protection on Aerial Construction. 


6-9.1.4.3.1 At junction points of open aerial conductors and 
cable, each conductor shall be protected by a surge arrester (s) 
of the weatherproof type. There also shall be a connection 
between the lightning arrester ground, any metallic sheath, 
and messenger wire. 


6-9.1.4.3.2 Aerial open-wire and non—messenger-supported, 
two-conductor cable circuits shall be protected by a surge 
arrester (s) at intervals not to exceed 2000 ft (610 m). 


6-9.1.4.3.3 Surge arresters, other than of the air-gap or self- 
restoring type, shall not be installed in fire alarm circuits. 


6-9.1.4.3.4 All protective devices shall be accessible for main- 
tenance and inspection. 


6-10 Power. 
6-10.1 Requirements for Constant-Current Systems. 


6-10.1.1 Means shall be provided for manually regulating the 
current in box circuits so that the operating current is main- 
tained within 10 percent of normal throughout changes in 
external circuit resistance from 20 percent above to 50 per- 
cent below normal. 


6-10.1.2 The voltage supplied to maintain normal line cur- 
rent on box circuits shall not exceed 150 volts, measured 
under no-load conditions, and shall be such that the line cur- 
rent cannot be reduced below the approved operating value 
by the simultaneous operation of four boxes. 


6-10.1.3. Visual and audible means to indicate a 20 percent or 
greater reduction in the normal current in any alarm circuit 
shall be provided. All devices connected in series with any 
alarm circuit shall function when the alarm circuit current is 
reduced to 70 percent of normal. 


6-10.1.4 Meters shall be provided to indicate the current in 
any box circuit and the voltage of any power source. Meters 
used in common for two or more circuits shall be provided 
with cut-in devices designed to reduce the probability of cross- 
connecting circuits. 


6-11 Receiving Equipment — Facilities for Receipt of Box 
Alarms. 


6-11.1 General. 


6-11.1.1 Alarms from boxes shall be automatically received 
and recorded at the communications center. 


6-11.1.2 A permanent visual record and an audible signal 
shall be required to indicate the receipt of an alarm. The per- 
manent record shall indicate the exact location from which 
the alarm is being transmitted. 

The audible signal device shall be permitted to be common 
to two or more box circuits and arranged so that the fire alarm 
operator is able to manually silence the signal temporarily by 
a self-restoring switch. 
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6-11.1.3 Facilities shall be provided that automatically record 
the date and time of receipt of each alarm. 


Exception: Only the time shall be required to be automatically recorded 
for voice recordings. 


6-11.2 Visual Recording Devices. 


6-11.2.1 A device for producing a permanent graphic record- 
ing of all alarm, supervisory, trouble, and test signals received 
or retransmitted, or both, shall be provided at each communi- 
cations center for each alarm circuit and tie circuit. If each cir- 
cuit is served by a dedicated recording device, the number of 
reserve recording devices required on site shall be equal to at 
least 5 percent of the circuits in service and in no case less than 
1 percent. If two or more circuits are served by a common 
recording device, a reserve recording device shall be provided 
on site for each circuit connected to a common recorder. 


6-11.2.2 In a Type B wire system, one such recording device 
shall be installed in each fire station and at least one shall be 
installed in the communications center. 


6-11.3 System Integrity. 


6-11.3.1 Wired circuits upon which transmission and receipt 
of alarms depend, shall be constantly monitored for integrity 
to provide prompt warning of conditions adversely affecting 
reliability. 


6-11.3.2 The power supplied to all required circuits and devices 
of the system shall be constantly monitored for integrity. 


6-11.4 Trouble Signals. 


6-11.4.1 Trouble signals shall actuate a sounding device 
located where there is a responsible person on duty at all 
times. 


6-11.4.2 Trouble signals shall be distinct from alarm signals 
and shall be indicated by both a visual light and an audible 
signal. 


6-11.4.3 The audible signal shall be permitted to be common 
to more than one circuit that is monitored for integrity. 


6-11.4.4 A switch for silencing the audible trouble signal shall 
be permitted, provided the visual signal remains operating 
until the silencing switch is restored to its normal position. 


6-11.4.5 The audible signal shall be responsive to faults on any 
other circuits that occur prior to restoration of the silencing 
switch to its normal position. 


6-12 Remote Receiving Equipment — Facilities for Receipt of 
Box Alarms at a Remote Communications Center. When the 
alarm receiving equipment is located at a location other than 
where the box circuit protection, controls, and power supplies 
are located, the following requirements, in addition to all of 
the requirements of Section 6-11, shall apply. All equipment 
used to provide the primary and remote receiving facilities 
shall be listed for its intended use and shall be installed in 
accordance with NFPA 70, National Electrical Code. 


6-12.1 The monitoring for integrity of all box circuits shall be 
provided with a visual and audible means to indicate a 20 per- 
cent or greater reduction or increase in the normal current in 
any box alarm circuit. The visual means shall identify the exact 
circuit affected. 


6-12.2 Monitoring for integrity of all power supplies shall be 
provided with visual and audible means to indicate a loss of 
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primary or standby power supplies at both the primary and 
remote communications centers. 


6-12.3 A minimum of two separate means of interconnection 
shall be provided between the primary and remote communi- 
cations center receiving equipment. This interconnection 
shall be dedicated and shall not be used for any other purpose. 


6-12.4 When data transmission or multiplexing equipment is 
used that is not an integral part of the alarm-receiving equip- 
ment, a visual and audible means shall be provided to monitor 
the integrity of the external equipment. This shall include 
monitoring all primary and stand-by power supplies as well as 
the transmission of data. 


6-12.5 Power shall be provided in accordance with Section 6-7. 
The use of an uninterruptible power supply (UPS) to comply 
with standby power requirements shall not be permitted. 


6-13 Coded Wired Reporting Systems. 


6-13.1 For a Type B system, the effectiveness of noninterfer- 
ence and succession functions between box circuits shall be no 
less than between boxes in any one circuit. The disablement of 
any metallic box circuit shall cause a warning signal in all other 
circuits, and, thereafter, the circuit or circuits not otherwise 
broken shall be automatically restored to operative condition. 


6-13.2 Box circuits shall be sufficient in number and laid out 
so that the areas that would be left without box protection in 
case of disruption of a circuit do not exceed those covered by 
20 properly spaced boxes if all or any part of the circuit is of 
aerial open-wire, or 30 properly spaced boxes if the circuit is 
entirely in underground or messenger-supported cable. 


6-13.3 If all boxes on any individual circuit and associated 
equipment are designed and installed to provide for receipt of 
alarms through the ground in the event of a break in the cir- 
cuit, the circuit shall be permitted to serve twice the number 
of aerial open-wire and cable circuits, respectively, as are spec- 
ified in 6-13.2. 


6-13.4 The installation of additional boxes in an area served 
by the number of properly spaced boxes indicated in 6-13.1 
through 6-13.3 shall not constitute geographical overloading 
of a circuit. 


6-13.5 Sounding devices for signals shall be provided for box 
circuits. 


6-13.5.1 A common sounding device for more than one cir- 
cuit shall be permitted to be used in a Type A system and shall 
be installed at the communications center. 


6-13.5.2 In a Type B system, a sounding device shall be 
installed in each fire station at the same location as the record- 
ing device for that circuit, unless installed at the communica- 
tions center, where a common sounding device shall be 
permitted. 


6-14 Coded Radio Reporting Systems. 
6-14.1 Radio Box Channel (Frequency). 


6-14.1.1 The number of boxes permitted on a single fre- 
quency shall be governed by the following. 


(a) For systems that use one-way transmission in which the 
individual box automatically initiates the required message 
(refer to 6-14.6.3) using circuitry integral to the boxes, not more 
than 500 boxes shall be permitted on a single frequency. 


(b) For systems that use a two-way concept in which inter- 
rogation signals (refer to 6-14.6.3) are transmitted to the indi- 
vidual boxes from the communications center on the same 
frequency used for receipt of alarms, not more than 250 boxes 
shall be permitted on a single frequency. If interrogation sig- 
nals are transmitted on a frequency that differs from that used 
for receipt of alarms, not more than 500 boxes shall be permit- 
ted on a single frequency. 


(c) A specific frequency shall be designated for both fire 
and other fire-related or public safety alarm signals and for 
monitoring for integrity signals. 


6-14.1.2 Ifbox message signals to the communications center or 
acknowledgment of message receipt signals from the communi- 
cations center to the box are repeated, associated repeating facil- 
ities shall conform to the requirements indicated in 7-1.1.4(d) of 
NFPA 1221, Standard for the Installation, Maintenance, and Use of 
Emergency Services Communications Systems. 


6-14.2 Metallic Interconnections. A means that is available 
only to the agency responsible for maintaining the public fire 
alarm reporting system shall be provided for disconnecting 
the auxiliary loop to the connected property. Notification 
shall be given to the designated representative of the property 
when the auxiliary box is not in service. 


6-14.3 The antenna transmission line between the transmitter 
and the antenna shall be installed in rigid metal, intermediate 
metal conduit, or electrical metallic tubing in accordance with 
NFPA 70, National Electrical Code. 


6-14.3.1 Type A System. 


6-14.3.1.1* For each frequency used, two separate receiving 
networks, each including an antenna, an audible alerting 
device, a receiver, a power supply, signal processing equip- 
ment, a means of providing a permanent graphic recording of 
the incoming message that is both timed and dated, and other 
associated equipment shall be provided and shall be installed 
at the communications center. Facilities shall be arranged so 
that a failure of either receiving network cannot affect the 
receipt of messages from boxes. 


6-14.3.1.2 If the system configuration is such that a polling 
device is incorporated into the receiving network to allow 
remote or selective initiation of box tests, a separate such 
device shall be included in each of the two required receiving 
networks. The requirements of Chapter 7 shall apply. Further- 
more, the polling devices shall be configured for automatic 
cycle initiation in their primary operating mode, shall be capa- 
ble of continuous self-monitoring, and shall be integrated into 
the network(s) to provide automatic switchover and opera- 
tional continuity in the event of failure of either device. 


6-14.3.1.3 Test signals from boxes shall not be required to 
include the date as part of their permanent recording, pro- 
vided that the date is automatically printed on the recording 
tape at the beginning of each calendar day. 


6-14.3.2 Type B System. 


6-14.3.2.1 For each frequency used, a single, complete receiv- 
ing network shall be permitted in each fire station, provided 
the communications center conforms to 6-14.3.1.1. If the juris- 
diction maintains two or more alarm reception points in oper- 
ation, one receiving network shall be permitted to be at each 
alarm reception point. 
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6-14.3.2.2 If alarm signals are transmitted to a fire station 
from the communications center using the coded radio-type 
receiving equipment in the fire station to receive and record 
the alarm message, a second receiving network conforming to 
6-14.3.2.1 shall be provided at each fire station, and that 
receiving network shall employ a frequency other than that 
used for the receipt of box messages. 


6-14.4 Power. Power shall be provided in accordance with 
Section 6-7. 


6-14.5 Testing. The requirements of Chapter 7 shall apply. 
6-14.6 Supervision. 


6-14.6.1 All coded radio box systems shall provide constant 
monitoring of the frequency in use. Both an audible and a 
visual indication of any sustained carrier signal, if in excess of 
15-second duration, shall be provided for each receiving sys- 
tem at the communications center. 


6-14.6.2 The power supplied to all required circuits and 
devices of the system shall be supervised. 


6-14.6.3* Each coded radio box shall automatically transmit a 
test message at least once in each 24-hour period. 


6-14.6.4 Receiving equipment associated with coded radio- 
type systems, including any related repeater(s), shall be tested 
at least hourly. The receipt of test messages that do not exceed 
60-minute intervals shall meet this requirement. 


6-14.6.5 Radio repeaters upon which receipt of alarms 
depend shall be provided with dual receivers, transmitters, 
and power supplies. Failure of the primary receiver, transmit- 
ter, or power supply shall cause an automatic switchover to the 
secondary receiver, transmitter, or power supply. 


Exception: Manual switchover shall be permitted provided it is com- 
pleted within 30 seconds. 


6-14.6.6 Trouble signals shall actuate a sounding device 
located where there is always a responsible person on duty. 


6-14.6.7 Trouble signals shall be distinct from alarm signals and 
shall be indicated by both a visual light and an audible signal. 
The audible signal shall be permitted to be common to two 
or more supervised circuits. 
A switch for silencing the audible trouble signal shall be 
permitted if the visual signal remains operating until the 
silencing switch is restored to its normal position. 


6-14.6.8 The audible signal shall be responsive to subsequent 
faults in other monitored functions prior to restoration of the 
silencing switch. 


6-15 Telephone (Series) Reporting Systems. 


6-15.1 A permanent visual recording device installed in the 
communications center shall be provided to record all incom- 
ing box signals. A spare recording device shall be provided for 
five or more box circuits. 


6-15.2 A second visual means of identifying the calling box 
shall be provided. 


6-15.3 Audible signals shall indicate all incoming calls from 
box circuits. 


6-15.4 All voice transmissions from boxes for emergencies 
shall be recorded with the capability of instant playback. 
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6-15.5 A voice recording facility shall be provided for each 
operator handling incoming alarms to eliminate the possibil- 
ity of interference. 


6-15.6 Box circuits shall be sufficient in number and laid out 
so that the areas that would be left without box protection in 
case of disruption of a circuit do not exceed those covered by 
20 properly spaced boxes if all or any part of the circuit is of 
aerial open-wire, or 30 properly spaced boxes if the circuit is 
entirely in underground or messenger-supported cable. 


6-15.7 If all boxes on any individual circuit and associated 
equipment are designed and installed to provide for receipt of 
alarms through the ground in the event of a break in the cir- 
cuit, the circuit shall be permitted to serve twice the number 
of aerial open-wire and cable circuits, respectively, as is speci- 
fied in 6-15.6. 


6-15.8 The installation of additional boxes in an area served 
by the number of properly spaced boxes indicated in 6-15.6 
shall not constitute geographical overloading of a circuit. 


6-16 Auxiliary Fire Alarm Systems. The requirements of Chap- 
ter 1, 3, and 7 shall apply to auxiliary fire alarm systems, unless 
they conflict with the requirements of Section 6-16. If permitted 
by the authority having jurisdiction, the use of systems described 
in Chapter 6 shall be permitted to provide defined reporting 
functions from or within private premises. 


6-16.1 Scope. Section 6-16 describes the equipment and cir- 
cuits necessary to connect a protected premises. 


6-16.2 General. 


6-16.2.1 An auxiliary fire alarm system shall be used only in 
connection with a public fire alarm reporting system that is 
approved for the service. A system approved by the authority 
having jurisdiction shall meet this requirement. 


6-16.2.2 Permission for the connection of an auxiliary fire 
alarm system to a public fire alarm reporting system, and 
acceptance of the type of auxiliary transmitter and its actuat- 
ing mechanism, circuits, and components connected thereto, 
shall be obtained from the authority having jurisdiction. 


6-16.2.3 An auxiliary fire alarm system shall be maintained 
and supervised by a responsible person or corporation. 


6-16.2.4 Section 6-16 shall not require the use of audible 
alarm signals other than those necessary to operate the auxil- 
iary fire alarm system. If it is desired to provide fire alarm evac- 
uation signals in the protected property, the alarms, circuits, 
and controls shall comply with the provisions of Chapter 3 in 
addition to the provisions of Section 6-16. 


6-16.3_ Communications Center Facilities. The §communica- 
tions center facilities shall be in accordance with the require- 
ments of Sections 6-1 through 6-15. 


6-16.4 Equipment. 


6-16.4.1 Types of Systems. Auxiliary fire alarm systems shall 
be of the following two types. 


(a) *Local Energy Type. 


(1) Local energy systems shall be permitted to be of the 
coded or noncoded type. 
(2) Power supply sources for local energy systems shall con- 
form to Chapter 1. 
(b) *Shunt Type. 
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(1) Shunt systems shall be noncoded with respect to any 
remote electrical tripping or actuating devices. 

(2) All conductors of the shunt circuit shall be installed in 
accordance with NFPA 70, National Electrical Code, Article 
346, for rigid conduit, or Article 348, for electrical metal- 
lic tubing. 

(3) Both sides of the shunt circuit shall be in the same con- 
duit. 

(4) If an auxiliary transmitter is located within a private pre- 
mises, it shall be installed in accordance with 6-9.1. 

(5) Ifa shunt loop is used, it shall not exceed a length of 
750 ft (230 m) and shall be in conduit. 

(6) Conductors of the shunt circuits shall not be smaller than 
No. 14 AWG and shall be insulated as prescribed in NFPA 
70, National Electrical Code, Article 310. 

(7) The power for shunt-type systems shall be provided by the 
public fire alarm reporting system. 

(8) Alocal system made to an auxiliary system by the addition 
of a relay whose coil is energized by a local power supply 
and whose normally closed contacts trip a shunt-type 
master box shall not be permitted. 


6-16.4.2 The interface of the two types of auxiliary fire alarm 
systems with the three types of public fire alarm reporting sys- 
tems shall be in accordance with Table 6-16.4.2. 


Table 6-16.4.2 Application of Public Fire Alarm Reporting 
Systems with Auxiliary Fire Alarm Systems 


Reporting _Local Energy 
Systems Type Shunt Type Parallel Type 
Coded wired Yes Yes No 
Coded radio Yes No No 
Telephone Yes No No 
series 


6-16.4.3 The application of the two types of auxiliary fire 
alarm systems shall be limited to the initiating devices speci- 
fied in Table 6-16.4.3. 


6-16.4.4 Location of Transmitting Devices. 


6-16.4.4.1 Shunt-type auxiliary systems shall be arranged so 
that one auxiliary transmitter does not serve more than 
100,000 ft? (9290 m?) total area. 


Exception: Where otherwise permitted by the authority having jurisdiction. 


6-16.4.4.2 A separate auxiliary transmitter shall be provided 
for each building, or where permitted by the authority having 
jurisdiction, for each group of buildings of single ownership 
or occupancy. 


6-16.4.4.3 The same box shall be permitted to be used as a 
public fire alarm reporting system box and as a transmitting 
device for an auxiliary system if permitted by the authority hav- 
ing jurisdiction, provided that the box is located at the outside 
of the entrance to the protected property. 

The fire department shall be permitted to require the box 
to be equipped with a signal light to differentiate between 
automatic and manual operation, unless local outside alarms 
at the protected property serve the same purpose. 


Table 6-16.4.3 Application of Initiating Device with Auxiliary 
Fire Alarm Systems 


Initiating —_- Local Energy 


Devices Type Shunt Type Parallel Type 


Manual fire Yes Yes Yes 
alarm 


Waterflow or Yes Yes Yes 
actuation of 
the fire 
extinguish- 
ing sys- 
tem(s) or 
suppression 
system (s) 


Automatic Yes No Yes 
detection 
devices 


6-16.4.4.4 The transmitting device shall be located as 
required by the authority having jurisdiction. 


6-16.4.4.5 The system shall be designed and arranged so that a 
single fault on the auxiliary system shall not jeopardize opera- 
tion of the public fire alarm reporting system and shall not, in 
case of a single fault on either the auxiliary or public fire alarm 
reporting system, transmit a false alarm on either system. 


Exception: Shunt systems complying with 6-16.4.1(b). 


6-16.5 Personnel. Personnel necessary to receive and act on 
signals from auxiliary fire alarm systems shall be in accordance 
with the requirements of Sections 6-1 through 6-16 and NFPA 
1221, Standard for the Installation, Maintenance, and Use of Emer- 
gency Services Communications Systems. 


6-16.6 Operations. Operations for auxiliary fire alarm systems 
shall be in accordance with the requirements of Sections 6-1 
through 6-16 and NFPA 1221, Standard for the Installation, Main- 
tenance, and Use of Emergency Services Communications Systems. 


6-16.7 Testing and Maintenance. Testing and maintenance 
of auxiliary fire alarm systems shall be in accordance with the 
requirements of Chapter 7. 


Chapter 7 Inspection, Testing, and Maintenance 


7-1 General. 


7-1.1 Scope. Chapter 7 shall cover the minimum require- 
ments for the inspection, testing, and maintenance of the fire 
alarm systems described in Chapter 1, 3, and 5 and for their 
initiation and notification components described in Chapter 
2 and 4. The testing and maintenance requirements for one- 
and two-family dwelling units shall be located in Chapter 8. 
Single station detectors used for other than one- and two-fam- 
ily dwelling units shall be tested and maintained in accordance 
with Chapter 7. More stringent inspection, testing, or mainte- 
nance procedures that are required by other parties shall be 
permitted. 


7-1.1.1 Inspection, testing, and maintenance programs shall 
satisfy the requirements of this code, shall conform to the 
equipment manufacturer’s recommendations, and shall verify 
correct operation of the fire alarm system. 
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7-1.1.2 System defects and malfunctions shall be corrected. If 
a defect or malfunction is not corrected at the conclusion of 
system inspection, testing, or maintenance, the system owner 
or the owner’s designated representative shall be informed of 
the impairment in writing within 24 hours. 


7-1.1.3. Nothing in Chapter 7 shall be intended to prevent the 
use of alternate test methods or testing devices. Such methods or 
devices shall provide the same level of effectiveness, and safety, 
and shall meet the intent of the requirements of Chapter 7. 


7-1.1.4 The requirements of Chapter 7 shall apply to both 
new and existing systems. 


7-1.2 The owner or the owner’s designated representative 
shall be responsible for inspection, testing, and maintenance 
of the system and alterations or additions to this system. The 
delegation of responsibility shall be in writing, with a copy of 
such delegation provided to the authority having jurisdiction 
upon request. 


7-1.2.1 Inspection, testing, or maintenance shall be permitted 
to be done by a person or organization other than the owner 
if conducted under a written contract. Testing and mainte- 
nance of central station service systems shall be performed 
under the contractual arrangements specified in 5-2.2.2. 


7-1.2.2, Service personnel shall be qualified and experienced 
in the inspection, testing, and maintenance of fire alarm sys- 
tems. Examples of qualified personnel shall be permitted to 
include, but shall not be limited to, individuals with the follow- 
ing qualifications: 


(1) Factory trained and certified 


(2) National Institute for Certification in Engineering Tech- 
nologies fire alarm certified 


(3) International Municipal Signal Association fire alarm 
certified 


(4) Certified by a state or local authority 


(5) Trained and qualified personnel employed by an organi- 
zation listed by a national testing laboratory for the ser- 
vicing of fire alarm systems 


7-1.3* Notification. 


7-1.3.1 Before proceeding with any testing, all persons and 
facilities receiving alarm, supervisory, or trouble signals, and 
all building occupants, shall be notified of the testing to pre- 
vent unnecessary response. At the conclusion of testing, those 
previously notified (and others, as necessary) shall be notified 
that testing has been concluded. 


7-1.3.2 The owner or the owner’s designated representative 
and service personnel shall coordinate system testing to pre- 
vent interruption of critical building systems or equipment. 


7-1.4 Prior to system maintenance or testing, the system certif- 
icate and the information regarding the system and system 
alterations, including specifications, wiring diagrams, and 
floor plans, shall be provided by the owner or a designated 
representative to the service personnel upon request. 


7-1.5 Releasing Systems. Requirements pertinent to testing 


the fire alarm systems initiating fire suppression system releas- 
ing functions shall be covered by 7-1.5. 
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7-1.5.1 Testing personnel shall be qualified and experienced 
in the specific arrangement and operation of a suppression 
system(s) and a releasing function(s) and cognizant of the 
hazards associated with inadvertent system discharge. 


7-1.5.2 Occupant notification shall be required whenever a 
fire alarm system configured for releasing service is being ser- 
viced or tested. 


7-1.5.3 Discharge testing of suppression systems shall not be 
required by this code. Suppression systems shall be secured 
from inadvertent actuation, including disconnection of releas- 
ing solenoids or electric actuators, closing of valves, other 
actions, or combinations thereof, for the specific system, for 
the duration of the fire alarm system testing. 


7-1.5.4 Testing shall include verification that the releasing cir- 
cuits and components energized or actuated by the fire alarm 
system are electrically supervised and operate as intended on 
alarm. 


7-1.5.5 Suppression systems and releasing components shall 
be returned to their functional operating condition upon 
completion of system testing. 


7-1.6 System Testing. 


7-1.6.1 Initial Acceptance Testing. All new systems shall be 
inspected and tested in accordance with the requirements of 
Chapter 7. 


7-1.6.2* Reacceptance Testing. 


7-1.6.2.1 Reacceptance testing shall be performed after any of 
the following: 


(1) Added or deleted system components 

(2) Any modification, repair, or adjustment to system hard- 
ware or wiring 

(3) Any change to site-specific software. 

All components, circuits, systems operations, or site-spe- 
cific software functions known to be affected by the change or 
identified by a means that indicates the system operational 
changes shall be 100 percent tested. In addition, 10 percent of 
initiating devices that are not directly affected by the change, 
up to a maximum of 50 devices, also shall be tested, and cor- 
rect system operation shall be verified. A revised record of 
completion in accordance with 1-6.2.1 shall be prepared to 
reflect any changes. 


7-1.6.2.2_ Changes to all control units connected or controlled 
by the system executive software shall require a 10 percent 
functional test of the system, including a test of at least one 
device on each input and output circuit to verify critical system 
functions such as notification appliances, control functions, 
and off-premises reporting. 


7-2. Test Methods. 


7-2.1* Central Stations. At the request of the authority having 
jurisdiction, the installation shall be inspected for complete 
information regarding the system, including specifications, wir- 
ing diagrams, and floor plans that have been submitted for 
approval prior to installation of equipment and wiring. 


7-2.2* Fire alarm systems and other systems and equipment 
that are associated with fire alarm systems and accessory equip- 
ment shall be tested according to Table 7-2.2. 
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Table 7-2.2 Test Methods 


Device 


Method 


1. Control Equipment 


a. Functions 


b. Fuses 


c. Interfaced Equipment 


d. Lamps and LEDs 


e. Primary (Main) Power Supply 


Ata minimum, control equipment shall be tested to verify correct receipt of alarm, 
supervisory, and trouble signals (inputs), operation of evacuation signals and auxil- 
iary functions (outputs), circuit supervision including detection of open circuits 
and ground faults, and power supply supervision for detection of loss of ac power 
and disconnection of secondary batteries. 


The rating and supervision shall be verified. 


Integrity of single or multiple circuits providing interface between two or more 
control panels shall be verified. Interfaced equipment connections shall be tested 
by operating or simulating operation of the equipment being supervised. Signals 
required to be transmitted shall be verified at the control panel. 


Lamps and LEDs shall be illuminated. 


All secondary (standby) power shall be disconnected and tested under maximum 
load, including all alarm appliances requiring simultaneous operation. All second- 
ary (standby) power shall be reconnected at end of test. For redundant power sup- 
plies, each shall be tested separately. 


2. Engine-Driven Generator 


If an engine-driven generator dedicated to the fire alarm system is used as a 
required power source, operation of the generator shall be verified in accordance 
with NFPA 110, Standard for Emergency and Standby Power Systems, by the building 
owner. 


3. Secondary (Standby) Power Supply 


All primary (main) power supplies shall be disconnected and the occurrence of 
required trouble indication for loss of primary power shall be verified. The sys- 
tem’s standby and alarm current demand shall be measured or verified and, using 
manufacturer’s data, the ability of batteries to meet standby and alarm require- 
ments shall be verified. General alarm systems shall be operated for a minimum of 
5 minutes and emergency voice communications systems for a minimum of 

15 minutes. Primary (main) power supply shall be reconnected at end of test. 


4. Uninterrupted Power Supply (UPS) 


If a UPS system dedicated to the fire alarm system is used as a required power 
source, operation of the UPS system shall be verified by the building owner in 
accordance with NFPA 111, Standard on Stored Electrical Energy Emergency and Standby 
Power Systems. 


5. Batteries — General Tests 


a. Visual Inspection 


b. Battery Replacement 


c. Charger Test 


d. Discharge Test 


e. Load Voltage Test 


Prior to conducting any battery testing, the person conducting the test shall ensure 
that all system software stored in volatile memory is protected from loss. 


Batteries shall be inspected for corrosion or leakage. Tightness of connections 
shall be checked and ensured. If necessary, battery terminals or connections shall 
be cleaned and coated. Electrolyte level in lead-acid batteries shall be visually 
inspected. 


Batteries shall be replaced in accordance with the recommendations of the alarm 
equipment manufacturer or when the recharged battery voltage or current falls 
below the manufacturer’s recommendations. 


Operation of battery charger shall be checked in accordance with charger test for 
the specific type of battery. 


With the battery charger disconnected, the batteries shall be load tested following 
the manufacturer’s recommendations. The voltage level shall not fall below the lev- 
els specified. 


Exception: An artificial load equal to the full fire alarm load connected to the battery shall be 
permitted to be used in conducting this test. 


With the battery charger disconnected, the terminal voltage shall be measured 
while supplying the maximum load required by its application. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


The voltage level shall not fall below the levels specified for the specific type of bat- 
tery. If the voltage falls below the level specified, corrective action shall be taken 
and the batteries shall be retested. 


Exception: An artificial load equal to the full fire alarm load connected to the battery shall be 
permitted to be used in conducting this test. 


6. Battery Tests (Specific Types) 


a. Primary Battery Load 
Voltage Test 


b. Lead-Acid Type 
1. Charger Test 


2. Load Voltage Test 


3. Specific Gravity 


c. Nickel-Cadmium Type 
1. Charger Test” 


2. Load Voltage Test 


d. Sealed Lead-Acid Type 


1. Charger Test 


2. Load Voltage Test 


The maximum load for a No. 6 primary battery shall not be more than 2 amperes 
per cell. An individual (1.5-volt) cell shall be replaced when a load of 1 ohm 
reduces the voltage below 1 volt. A 6-volt assembly shall be replaced when a test 
load of 4 ohms reduces the voltage below 4 volts. 


With the batteries fully charged and connected to the charger, the voltage across 
the batteries shall be measured with a voltmeter. The voltage shall be 2.30 volts per 
cell £0.02 volts at 25°C (77°F) or as specified by the equipment manufacturer. 


Under load, the battery shall not fall below 2.05 volts per cell. 


The specific gravity of the liquid in the pilot cell or all of the cells shall be mea- 
sured as required. The specific gravity shall be within the range specified by the 
manufacturer. Although the specified specific gravity varies from manufacturer to 
manufacturer, a range of 1.205—1.220 is typical for regular lead-acid batteries, while 
1.240-1.260 is typical for high-performance batteries. A hydrometer that shows 
only a pass or fail condition of the battery and does not indicate the specific gravity 
shall not be used, because such a reading does not give a true indication of the bat- 
tery condition. 


With the batteries fully charged and connected to the charger, an ampere meter 
shall be placed in series with the battery under charge. The charging current shall 
be in accordance with the manufacturer’s recommendations for the type of battery 
used. In the absence of specific information, !/39 to !/95, of the battery rating shall 
be used. 


Under load, the float voltage for the entire battery shall be 1.42 volts per cell, nom- 
inal. If possible, cells shall be measured individually. 


With the batteries fully charged and connected to the charger, the voltage across 
the batteries shall be measured with a voltmeter. The voltage shall be 2.30 volts per 
cell £0.02 volts at 25°C (77°F) or as specified by the equipment manufacturer. 


Under load, the battery shall perform in accordance with the battery manufac- 
turer’s specifications. 


7. Public Reporting System Tests 
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In addition to the tests and inspection required above, the following requirements 
shall apply. 


Manual tests of the power supply for public reporting circuits shall be made and 
recorded at least once during each 24-hour period. Such tests shall include the fol- 
lowing: 


(a) Current strength of each circuit. Changes in current of any circuit exceeding 
10 percent shall be investigated immediately. 


(b) Voltage across terminals of each circuit inside of terminals of protective 
devices. Changes in voltage of any circuit exceeding 10 percent shall be investi- 
gated immediately. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


(c)* Voltage between ground and circuits. If this test shows a reading in excess of 
50 percent of that shown in the test specified in (b), the trouble shall be immedi- 
ately located and cleared. Readings in excess of 25 percent shall be given early 
attention. These readings shall be taken with a calibrated voltmeter of not more 
than 100-ohms resistance per volt. Systems in which each circuit is supplied by an 
independent current source (Forms 3 and 4) require tests between ground and 
each side of each circuit. Common current source systems (Form 2) require volt- 
age tests between ground and each terminal of each battery and other current 
source. 


(d) Ground current reading shall be permitted in lieu of (c). If this method of test- 
ing is used, all grounds showing a current reading in excess of 5 percent of the sup- 
plied line current shall be given immediate attention. 


(e) Voltage across terminals of common battery, on switchboard side of fuses. 


(f) Voltage between common battery terminals and ground. Abnormal ground 
readings shall be investigated immediately. 


Tests specified in (e) and (f) shall apply only to those systems using a common bat- 
tery. If more than one common battery is used, each common battery shall be 
tested. 


8. Transient Suppressors 


Lightning protection equipment shall be inspected and maintained per the manu- 
facturer’s specifications. 


Equipment located in moderate to severe areas outlined in NFPA 780, Standard for 
the Installation of Lightning Protection Systems, Appendix H, shall be inspected semian- 
nually and after any lightning strikes. 


9. Control Unit Trouble Signals 
a. Audible and Visual 


b. Disconnect Switches 


c. Ground-Fault Monitoring Circuit 


d. Transmission of Signals to Off-Premises 
Location 


Operation of panel trouble signals shall be verified as well as ring-back feature for 
systems using a trouble-silencing switch that requires resetting. 


If control unit has disconnect or isolating switches, performance of intended func- 
tion of each switch shall be verified and receipt of trouble signal when a supervised 
function is disconnected shall also be verified. 


If the system has a ground detection feature, the occurrence of ground-fault indi- 
cation shall be verified whenever any installation conductor is grounded. 


Initiating device shall be actuated and receipt of alarm signal at the off-premises 
location shall be verified. 


A trouble condition shall be created and receipt of a trouble signal at the 
off-premises location shall be verified. 


A supervisory device shall be actuated and receipt of a supervisory signal at the off- 
premises location shall be verified. If a transmission carrier is capable of operation 
under a single or multiple fault condition, an initiating device shall be activated 
during such fault condition and receipt of a trouble signal at the offpremises 
location shall be verified, in addition to the alarm signal. 


10. Remote Annunciators 


The correct operation and identification of annunciators shall be verified. If pro- 
vided, the correct operation of annunciator under a fault condition shall be 
verified. 


11. Conductors/Metallic 


a. Stray Voltage 


b. Ground Faults 


All installation conductors shall be tested with a volt/ohmmeter to verify that there 
are no stray (unwanted) voltages between installation conductors or between 
installation conductors and ground. Unless a different threshold is specified in the 
system installed equipment manufacturer’s specifications, the maximum allowable 
stray voltage shall not exceed 1 volt ac/dc. 


All installation conductors other than those intentionally and permanently 


grounded shall be tested for isolation from ground per the installed equipment 
manufacturer’s specifications. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


c. Short-Circuit Faults 


d. Loop Resistance 


All installation conductors other than those intentionally connected together shall 
be tested for conductor-to-conductor isolation per the installed equipment manu- 
facturer’s specifications. These same circuits also shall be tested conductor-to- 
ground. 


With each initiating and indicating circuit installation conductor pair short-cir- 
cuited at the far end, the resistance of each circuit shall be measured and 
recorded. It shall be verified that the loop resistance does not exceed the installed 
equipment manufacturer’s specified limits. 


12. Conductors/Nonmetallic 


a. Circuit Integrity 


b. Fiber Optics 


c. Supervision 


Each initiating device, notification appliance, and signaling line circuit shall be 
tested to confirm that the installation conductors are monitored for integrity in 
accordance with the requirements of Chapters | and 3. 


The fiber-optic transmission line shall be tested in accordance with the manufac- 
turer’s instructions by the use of an optical power meter or by an optical time 
domain reflectometer used to measure the relative power loss of the line. This rel- 
ative figure for each fiber-optic line shall be recorded in the fire alarm control 
panel. If the power level drops 2 percent or more from the value recorded during 
the initial acceptance test, the transmission line, section thereof, or connectors 
shall be repaired or replaced by a qualified technician to bring the line back into 
compliance with the accepted transmission level per the manufacturer’s recom- 
mendations. 


Introduction of a fault in any supervised circuit shall result in a trouble indication 
at the control unit. One connection shall be opened at not less than 10 percent of 
the initiating device, notification appliance, and signaling line circuit. 


Each initiating device, notification appliance, and signaling line circuit shall be 
tested for correct indication at the control unit. All circuits shall perform as indi- 
cated in Table 3-5, Table 3-6, or Table 3-7. 


13. Initiating Devices 
a. Electromechanical Releasing Device 


1. Nonrestorable-Type Link 
2. Restorable-Type Link* 
b. Fire Extinguishing System (s) or 


Suppression System(s) Alarm Switch 


c. Fire—Gas and Other Detectors 


d. Heat Detectors 


1. Fixed-Temperature, Rate-of-Rise, 
Rate-of Compensation, Restorable 
Line, Spot Type (excluding Pneu- 
matic Tube Type) 


2. Fixed-Temperature, Nonrestorable 
Line Type 


3. Fixed-Temperature, Nonrestorable 
Spot Type 
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Correct operation shall be verified by removal of the fusible link and operation of 
the associated device. Any moving parts shall be lubricated as necessary. 


Correct operation shall be verified by removal of the fusible link and operation of 
the associated device. Any moving parts shall be lubricated as necessary. 


The switch shall be mechanically or electrically operated and receipt of signal by 
the control panel shall be verified. 


Fire-gas detectors and other fire detectors shall be tested as prescribed by the 
manufacturer and as necessary for the application. 


Heat test shall be performed with a heat source per the manufacturer’s recommen- 
dations for response within 1 minute. A test method shall be used that is recom- 
mended by the manufacturer or other method shall be used that will not damage 
the nonrestorable fixed-temperature element of a combination rate-of-rise/fixed- 
temperature element. 


Heat test shall not be performed. Functionality shall be tested mechanically and 
electrically. Loop resistance shall be measured and recorded. Changes from accep- 
tance test shall be investigated. 


After 15 years from initial installation, all devices shall be replaced or two detectors 
per 100 shall be laboratory tested. The two detectors shall be replaced with new 
devices. If a failure occurs on any of the detectors removed, additional detectors 
shall be removed and tested to determine either a general problem involving faulty 
detectors or a localized problem involving one or two defective detectors. 
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Table 7-2.2 Test Methods (Continued) 


Device Method 
If detectors are tested instead of replaced, tests shall be repeated at intervals of 
5 years. 
4. Nonrestorable (General) Heat tests shall not be performed. Functionality shall be tested mechanically and 
electrically. 
5. Restorable Line Type, Pneumatic Heat tests shall be performed (where test chambers are in circuit) or a test with 
Tube Only pressure pump shall be conducted. 

e. Fire Alarm Boxes Manual fire alarm boxes shall be operated per the manufacturer’s instructions. 
Key-operated presignal and general alarm manual fire alarm boxes shall both be 
tested. 

f. Radiant Energy Fire Detectors Flame detectors and spark/ember detectors shall be tested in accordance with the 


manufacturer’s instructions to determine that each detector is operative. 


Flame detector and spark/ember detector sensitivity shall be determined using 
any of the following: 


(a) Calibrated test method 
(b) Manufacturer’s calibrated sensitivity test instrument 
(c) Listed control unit arranged for the purpose 


(d) Other approved calibrated sensitivity test method that is directly proportional 
to the input signal from a fire, consistent with the detector listing or approval 


If designed to be field adjustable, detectors found to be outside of the approved 
range of sensitivity shall be replaced or adjusted to bring them into the approved 
range. 


Flame detector and spark/ember detector sensitivity shall not be determined using 
a light source that administers an unmeasured quantity of radiation at an unde- 
fined distance from the detector. 


g. Smoke Detectors 


1. Systems Detectors The detectors shall be tested in place to ensure smoke entry into the sensing cham- 
ber and an alarm response. Testing with smoke or listed aerosol approved by the 
manufacturer shall be permitted as acceptable test methods. Other methods 
approved by the manufacturer that ensure smoke entry into the sensing chamber 
shall be permitted. 


Any of the following tests shall be performed to ensure that each smoke detector is 
within its listed and marked sensitivity range: 


(a) Calibrated test method 
(b) Manufacturer’s calibrated sensitivity test instrument 
(c) Listed control equipment arranged for the purpose 


(d) Smoke detector/control unit arrangement whereby the detector causes a sig- 
nal at the control unit when its sensitivity is outside its listed sensitivity range 


(e) Other calibrated sensitivity test method approved by the authority having 
jurisdiction 


2. Single Station Detectors The detectors shall be tested in place to ensure smoke entry into the sensing cham- 
ber and an alarm response. Testing with smoke or listed aerosol approved by the 
manufacturer shall be permitted as acceptable test methods. Other methods 
approved by the manufacturer that ensure smoke entry into the sensing chamber 
shall be permitted. 


3. Air Sampling Per manufacturer’s recommended test methods, detector alarm response shall be 


verified through the end sampling port on each pipe run; airflow through all other 
ports shall be verified as well. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


4. Duct Type 


5. Projected Beam Type 
6. Smoke Detector with Built-in Ther- 
mal Element 
7. Smoke Detectors with Control Out- 
put Functions 
h. Initiating Devices, Supervisory 
1. Control Valve Switch 


2. High- or Low-Air Pressure Switch 


3. Room Temperature Switch 


4. Water Level Switch 


5. Water Temperature Switch 


i. Mechanical, Electrosonic, or Pressure- 
Type Waterflow Device 


Air duct detectors shall be tested or inspected to ensure that the device will sample 
the airstream. The test shall be made in accordance with the manufacturer’s 
instructions. 


The detector shall be tested by introducing smoke, other aerosol, or an optical fil- 
ter into the beam path. 


Both portions of the detector shall be operated independently as described for the 
respective devices. 


It shall be verified that the control capability shall remain operable even if all of 
the initiating devices connected to the same initiating device circuit or signaling 
line circuit are in an alarm state. 


Valve shall be operated and signal receipt shall be verified to be within the first two 
revolutions of the hand wheel or within one-fifth of the travel distance, or per the 
manufacturer’s specifications. 


Switch shall be operated. Receipt of signal obtained where the required pressure is 
increased or decreased a maximum 10 psi (70 kPa) from the required pressure 
level shall be verified. 


Switch shall be operated. Receipt of signal to indicate the decrease in room tem- 
perature to 40°F (4.4°C) and its restoration to above 40°F (4.4°C) shall be verified. 


Switch shall be operated. Receipt of signal indicating the water level raised or low- 
ered 3 in. (76.2 mm) from the required level within a pressure tank, or 12 in. 
(305 mm) from the required level of a nonpressure tank, shall be verified, as shall 
its restoral to required level. 


Switch shall be operated. Receipt of signal to indicate the decrease in water tem- 
perature to 40°F (4.4°C) and its restoration to above 40°F (4.4°C) shall be verified. 


Water shall be flowed through an inspector’s test connection indicating the flow of 
water equal to that from a single sprinkler of the smallest orifice size installed in 
the system for wet-pipe systems, or an alarm test bypass connection for dry-pipe, 
pre-action, or deluge systems in accordance with NFPA 25, Standard for the Inspec- 
tion, Testing, and Maintenance of Water-Based Fire Protection Systems. 


14. Alarm Notification Appliances 
a. Audible 


b. Audible Textural Notification Appli- 
ances (Speakers and other Appliances 
to Convey Voice Messages) 


c. Visible 


Sound pressure level shall be measured with sound level meter meeting ANSI 
S1.4a, Specifications for Sound Level Meters, Type 2 requirements. Levels throughout 
protected area shall be measured and recorded. 


Sound pressure level shall be measured with sound level meter meeting ANSI 
S1.4a, Specifications for Sound Level Meters, Type 2 requirements. Levels throughout 
protected area shall be measured and recorded. 


Audible information shall be verified to be distinguishable and understandable. 
Test shall be performed in accordance with the manufacturer’s instructions. 


Device locations shall be verified to be per approved layout and it shall be con- 
firmed that no floor plan changes affect the approved layout. 


15. Special Hazard Equipment 
a. Abort Switch (IRI Type) 
b. Abort Switch (Recycle Type) 


c. Abort Switch (Special Type) 
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Abort switch shall be operated. Correct sequence and operation shall be verified. 


Abort switch shall be operated. Development of correct matrix with each sensor 
operated shall be verified. 


Abort switch shall be operated. Correct sequence and operation in accordance 
with authority having jurisdiction shall be verified. Sequencing on as-built draw- 
ings or in owner’s manual shall be observed. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


d. Cross Zone Detection Circuit 


e. Matrix-Type Circuit 

f. Release Solenoid Circuit 

g. Squibb Release Circuit 

h. Verified, Sequential, or Counting 


Zone Circuit 


i. All Above Devices or Circuits or 
Combinations Thereof 


One sensor or detector on each zone shall be operated. Occurrence of correct 
sequence with operation of first zone and then with operation of second zone shall 
be verified. 


All sensors in system shall be operated. Development of correct matrix with each 
sensor operated shall be verified. 


Solenoid shall be used with equal current requirements. Operation of solenoid 
shall be verified. 


AGI flashbulb or other test light approved by the manufacturer shall be used. 
Operation of flashbulb or light shall be verified. 


Required sensors at a minimum of four locations in circuit shall be operated. Cor- 
rect sequence with both the first and second detector in alarm shall be verified. 


Supervision of circuits by creating an open circuit shall be verified. 


16. Supervising Station Fire Alarm Systems 
— Transmission Equipment 


a. All Equipment 


b. Digital Alarm Communicator 
Transmitter (DACT) 


c. Digital Alarm Radio Transmitter 
(DART) 


d. McCulloh Transmitter 


Test shall be performed on all system functions and features in accordance with 
the equipment manufacturer’s instructions for correct operation in conformance 
with the applicable sections of Chapter 5. 


Initiating device shall be actuated. Receipt of the correct initiating device signal at 
the supervising station within 90 seconds shall be verified. Upon completion of the 
test, the system shall be restored to its functional operating condition. 


If test jacks are used, the first and last tests shall be made without the use of the test 
jack. 


Connection of the DACT to two separate means of transmission shall be ensured. 


Exception: DACTs that are connected to a telephone line (number) that is also supervised for 
adverse conditions by a derived local channel. 


DACT shall be tested for line seizure capability by initiating a signal while using the 
primary line for a telephone call. Receipt of the correct signal at the supervising 
station shall be verified. Completion of the transmission attempt within 90 seconds 
from going off-hook to on-hook shall be verified. 


The primary line from the DACT shall be disconnected. Indication of the DACT 
trouble signal at the premises shall be verified as well as transmission to the super- 
vising station within 4 minutes of detection of the fault. 


The secondary means of transmission from the DACT shall be disconnected. Indi- 
cation of the DACT trouble signal at the premises shall be verified as well as trans- 
mission to the supervising station within 4 minutes of detection of the fault. 


The DACT shall be caused to transmit a signal to the DACR while a fault in the pri- 
mary telephone number is simulated. Utilization of the secondary telephone num- 
ber by the DACT to complete the transmission to the DACR shall be verified. 


The primary telephone line shall be disconnected. Transmission of a trouble signal 
to the supervising station by the DART within 4 minutes shall be verified. 


Initiating device shall be actuated. Production of not less than three complete 
rounds of not less than three signal impulses each by the McCulloh transmitter 
shall be verified. 


If end-to-end metallic continuity is present and with a balanced circuit, each of the 
following four transmission channel fault conditions shall be caused in turn, and 
receipt of correct signals at the supervising station shall be verified: 


(a) Open 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


e. Radio Alarm Transmitter (RAT) 


(b) Ground 

(c) Wire-to-wire short 

(d) Open and ground 

If end-to-end metallic continuity is not present and with a properly balanced cir- 
cuit, each of the following three transmission channel fault conditions shall be 
caused in turn, and receipt of proper signals at the supervising station shall be 
verified 

(a) Open 

(b) Ground 

(c) Wire-to-wire short 

A fault between elements of the transmitting equipment shall be caused. Indica- 


tion of the fault at the protected premises shall be verified or it shall be verified 
that a trouble signal is transmitted to the supervising station. 


17. Supervising Station Fire Alarm 
Systems — Receiving Equipment 


a. All Equipment 


b. Digital Alarm Communicator 
Receiver (DACR) 


c. Digital Alarm Radio Receiver (DARR) 


d. McCulloh Systems 


1999 Edition 


Tests shall be performed on all system functions and features in accordance with 
the equipment manufacturer’s instructions for correct operation in conformance 
with the applicable sections of Chapter 5. 


Initiating device shall be actuated. Receipt of the correct initiating device signal at 
the supervising station within 90 seconds shall be verified. Upon completion of the 
test, the system shall be restored to its functional operating condition. 


If test jacks are used, the first and last tests shall be made without the use of the test 
jack. 


Each telephone line (number) shall be disconnected in turn from the DACR and 
audible and visual annunciation of a trouble signal in the supervising station shall 
be verified. 


A signal shall be caused to be transmitted on each individual incoming DACR line 
at least once every 24 hours. Receipt of these signals shall be verified. 


The following conditions of all DARRs on all subsidiary and repeater station receiv- 
ing equipment shall be caused. Receipt at the supervising station of correct signals 
for each of the following conditions shall be verified: 

(a) AC power failure of the radio equipment 

(b) Receiver malfunction 

(c) Antenna and interconnecting cable failure 


(d) Indication of automatic switchover of the DARR 


(e) Data transmission line failure between the DARR and the supervising or sub- 
sidiary station 

The current on each circuit at each supervising and subsidiary station under the 
following conditions shall be tested and recorded: 


(a) During functional operation 


(b) On each side of the circuit with the receiving equipment conditioned for an 
open circuit 


A single break or ground condition shall be caused on each transmission channel. 
If such a fault prevents the functioning of the circuit, receipt of a trouble signal 
shall be verified. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


e. Radio Alarm Supervising Station 
Receiver (RASSR) and Radio Alarm 
Repeater Station Receiver (RARSR) 


f. Private Microwave Radio Systems 


Each of the following conditions at each of the supervising or subsidiary stations 
and all repeater station radio transmitting and receiving equipment shall be 
caused; receipt of correct signals at the supervising station shall be verified: 

(a) RF transmitter in use (radiating) 

(b) AC power failure supplying the radio equipment 

(c) RF receiver malfunction 

(d) Indication of automatic switchover 

Each of the following conditions at each of the supervising or subsidiary stations 
and all repeater station radio transmitting and receiving equipment shall be 
caused; receipt of correct signals at the supervising station shall be verified: 

(a) AC power failure supplying the radio equipment 

(b) RF receiver malfunction 

(c) Indication of automatic switchover, if applicable 

Each of the following conditions at each of the supervising or subsidiary stations 
and all repeater station radio transmitting and receiving equipment shall be 
caused; receipt of correct signals at the supervising station shall be verified: 

(a) RF transmitter in use (radiating) 

(b) AC power failure supplying the radio equipment 

(c) RF receiver malfunction 


(d) Indication of automatic switchover 


18. Emergency Communications Equipment 
a. Amplifier/Tone Generators 


b. Call-in Signal Silence 


c. Off-hook Indicator (Ring Down) 


d. Phone Jacks 


e. Phone Set 


f. System Performance 


Correct switching and operation of backup equipment shall be verified. 


Function shall be operated and receipt of correct visual and audible signals at 
control panel shall be verified. 


Phone set shall be installed or phone shall be removed from hook and receipt of 
signal at control panel shall be verified. 


Phone jack shall be visually inspected and communications path through jack shall 
be initiated. 


Each phone set shall be activated and correct operation shall be verified. 


System shall be operated with a minimum of any five handsets simultaneously. 
Voice quality and clarity shall be verified. 


19. Interface Equipment 


Interface equipment connections shall be tested by operating or simulating the 
equipment being supervised. Signals required to be transmitted shall be verified at 
the control panel. Test frequency for interface equipment shall be the same as the 
frequency required by the applicable NFPA standard(s) for the equipment being 
supervised. 


20. Guard’s Tour Equipment 


The device shall be tested in accordance with the manufacturer’s specifications. 


21. Special Procedures 


a. Alarm Verification 


b. Multiplex Systems 


Time delay and alarm response for smoke detector circuits identified as having 
alarm verification shall be verified. 


Communications between sending and receiving units under both primary and 
secondary power shall be verified. 


Communications between sending and receiving units under open circuit and 
short circuit trouble conditions shall be verified. 
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Table 7-2.2 Test Methods (Continued) 


Device 


Method 


Communications between sending and receiving units in all directions where 
multiple communications pathways are provided shall be verified. 


If redundant central control equipment is provided, switchover and all required 
functions and operations of secondary control equipment shall be verified. 


All system functions and features shall be verified in accordance with manufac- 
turer’s instructions. 


22. Low-Power Radio (Wireless Systems) 


7-3 Inspection and Testing Frequency. 


7-3.1* Visual Inspection. Visual inspection shall be per- 
formed in accordance with the schedules in Section 7-3 or 


The following procedures describe additional acceptance and reacceptance test 
methods to verify wireless protection system operation: 


(a) The manufacturer’s manual and the as-built drawings provided by the system 
supplier shall be used to verify correct operation after the initial testing phase has 
been performed by the supplier or by the supplier’s designated representative. 


(b) Starting from the functional operating condition, the system shall be initial- 
ized in accordance with the manufacturer’s manual. A test shall be conducted to 
verify the alternative path, or paths, by turning off or disconnecting the primary 
wireless repeater. The alternative communications path shall exist between the 
wireless control panel and peripheral devices used to establish initiation, indicat- 
ing, control, and annunciation. The system shall be tested for both alarm and trou- 
ble conditions. 


(c) Batteries for all components in the system shall be checked monthly. If the con- 
trol panel checks all batteries and all components daily, the system shall not 
require monthly testing of the batteries. 


electrical equipment, radiation, and excessive height) shall be inspect- 
ed during scheduled shutdowns if approved by the authority having ju- 
risdiction. Extended intervals shall not exceed 18 months. 


more often if required by the authority having jurisdiction. Exception No. 2: If automatic inspection is performed at a frequency 
The visual inspection shall be made to ensure that there are of not less than weekly by a remotely monitored fire alarm control unit 
no changes that affect equipment performance. specifically listed for such application, the visual inspection frequency 


Exception No. 1: Devices or equipment that is inaccessible for safety 


shall be permitted to be annual. Table 7-3.1 shall apply. 


considerations (for example, continuous process operations, energized 


Table 7-3.1 Visual Inspection Frequencies 


Component 


Initial / 
Reacceptance Monthly Quarterly Semiannually Annually 


1. Control Equipment: Fire Alarm Systems Monitored for 


Alarm, Supervisory, Trouble Signals 
a. Fuses 
b. Interfaced Equipment 
c. Lamps and LEDs 
d. Primary (Main) Power Supply 


x KK x 
x KK x 


2. Control Equipment: Fire Alarm Systems Unmonitored for 


Alarm, Supervisory, Trouble Signals 
a. Fuses 
b. Interfaced Equipment 
c. Lamps and LEDs 
d. Primary (Main) Power Supply 


X (weekly) —_— —_— —_— —_— 
X (weekly) —_— _— —_ —_— 
X (weekly) _— —_ —_— —_— 
X (weekly) —_ —_— —_— —_— 
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Table 7-3.1 Visual Inspection Frequencies (Continued) 


Component eae Monthly Quarterly Semiannually Annually 
3. Batteries 
a. Lead-Acid Xx Xx — — — 
b. Nickel-Cadmium Xx — — X — 
c. Primary (Dry Cell) x xX —_— — —_— 
d. Sealed Lead-Acid Xx = — xX — 
4. Transient Suppressors Xx _— —_— Xx —_ 
5. Control Panel Trouble Signals Xx = — XxX — 
6. Fiber-Optic Cable Connections Xx _ —_ _ Xx 
7. Emergency Voice/Alarm Communications Equipment Xx _— —_— Xx —_— 
8. Remote Annunciators Xx — — Xx — 
9. Initiating Devices 
a. Air Sampling Xx _ —_— Xx —_ 
b. Duct Detectors Xx = —_— Xx _— 
c. Electromechanical Releasing Devices Xx _— —_— Xx —_— 
d. Fire-Extinguishing System (s) or Suppression xX — — xX — 
System (s) Switches 
e. Fire Alarm Boxes Xx — — Xx —_ 
f. Heat Detectors Xx = = Xx —_— 
g. Radiant Energy Fire Detectors Xx —_ Xx —_ 
h. Smoke Detectors Xx — —_— Xx _— 
i. Supervisory Signal Devices Xx = Xx — = 
j. Waterflow Devices Xx _— Xx —_— — 
10. Guard’s Tour Equipment Xx = _— Xx _— 
11. Interface Equipment Xx _— —_ Xx —_ 
12. Alarm Notification Appliances — Supervised Xx = — XxX — 
13. Supervising Station Fire Alarm Systems — Transmitters 
a. DACT Xx — — Xx — 
b. DART Xx — — Xx — 
c. McCulloh Xx = _— Xx —_ 
d. RAT Xx — _— X — 
14. Special Procedures Xx = — xX — 
15. Supervising Station Fire Alarm Systems — Receivers 
a. DACR* Xx Xx — — — 
b. DARR* Xx — — XxX — 
c. McCulloh Systems* Xx —_ _— Xx —_— 
d. Two-Way RF Multiplex* Xx = —_— x —_— 
e. RASSR* Xx — — X — 
f. RARS* Xx — — Xx — 
g. Private Microwave* Xx = —_— Xx —_ 


“Reports of automatic signal receipt shall be verified daily. 
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7-3.2* Testing. Testing shall be performed in accordance 
with the schedules in Chapter 7 or more often if required by 
the authority having jurisdiction. If automatic testing is per- 
formed at least weekly by a remotely monitored fire alarm con- 
trol unit specifically listed for the application, the manual 
testing frequency shall be permitted to be extended to annual. 
Table 7-3.2 shall apply. 


Table 7-3.2 Testing Frequencies 


Exception: Devices or equipment that are inaccessible for safety consid- 
erations (for example, continuous process operations, energized electri- 
cal equipment, radiation, and excessive height) shall be tested during 
scheduled shutdowns if approved by the authority having jurisdiction 
but shall not be tested more than every 18 months. 


Table 


Initial/ 7-2.2 


Component Reacceptance Monthly Quarterly Semiannually Annually Reference 


1. Control Equipment — Building Systems Connected to 
Supervising Station 


a. Functions 

b. Fuses 

c. Interfaced Equipment 

d. Lamps and LEDs 

e. Primary (Main) Power Supply 
f. Transponders 


2. Control Equipment — Building Systems — Not 
Connected to a Supervising Station 


a. Functions 

b. Fuses 

c. Interfaced Equipment 

d. Lamps and LEDs 

e. Primary (Main) Power Supply 
f. Transponders 


3. Engine-Driven Generator — Central Station Facilities 
and Fire Alarm Systems 


4. Engine-Driven Generator — Public Fire Alarm 
Reporting Systems 


5. Batteries — Central Station Facilities 

a. Lead-Acid Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 
4. Specific Gravity 

b. Nickel-Cadmium Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 

c. Sealed Lead-Acid Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 


1, 7, 16, 17 


re mM 
| 
| 
| 
Mr x mK mM 
| 


| 
| 
Se | 
| 
| 


MK eM mK mM 
| 


x 
| 
| 
| 
| 
| 


x KK K 
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Table 7-3.2 Testing Frequencies (Continued) 


Component 


Initial/ 


Table 
7-2.2 


Reacceptance Monthly Quarterly Semiannually Annually Reference 


6. Batteries — Fire Alarm Systems 

a. Lead-Acid Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 
4. Specific Gravity 

b. Nickel-Cadmium Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 

c. Primary Type (Dry Cell) 
1. Load Voltage Test 

d. Sealed Lead-Acid Type 
1. Charger Test (Replace battery every 4 years.) 
2. Discharge Test (30 minutes) 
3. Load Voltage Test 


7. Batteries — Public Fire Alarm Reporting Systems 
Voltage tests in accordance with Table 7-2.2, item 7(a)—(f) 


a. Lead-Acid Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (2 hours) 
3. Load Voltage Test 
4. Specific Gravity 
b. Nickel-Cadmium Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (2 hours) 
3. Load Voltage Test 
c. Sealed Lead-Acid Type 
1. Charger Test (Replace battery as needed.) 
2. Discharge Test (2 hours) 
3. Load Voltage Test 
8. Fiber-Optic Cable Power 
9. Control Unit Trouble Signals 
10. Conductors — Metallic 
11. Conductors — Nonmetallic 
12. Emergency Voice/Alarm Communications Equipment 


13. Retransmission Equipment (The requirements of 
7-3.4 shall apply.) 


14. Remote Annunciators 


xX 
x 
X (daily) 


x~ Kx «| 


~~ eK KKK KKK 


~ 


x Kx K 


6b 


6a 


6d 


10 
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Table 7-3.2 Testing Frequencies (Continued) 


Table 
Initial/ 7-2.2 
Component Reacceptance Monthly Quarterly Semiannually Annually Reference 


15. Initiating Devices = —_ a = 13 


a. Duct Detectors 


b. Electromechanical Releasing Device 


x KK 


Xx 
= = a xX = 
c. Fire-Extinguishing System(s) or Suppression Xx 
System (s) Switches 


x 
| 
| 
| 
x 
| 


d. Fire—Gas and Other Detectors 


x 
| 
| 
| 
x 
| 


e. Heat Detectors (The requirements of 
7-3.2.3 shall apply.) 


f. Fire Alarm Boxes 


g. Radiant Energy Fire Detectors 


x x > 
| 
| 
» 
| 
| 


h. All Smoke Detectors — Functional 


i. Smoke Detectors — Sensitivity (The 
requirements of 7-3.2.1 shall apply.) 


x 
| 
» 
| 
| 
| 


j. Supervisory Signal Devices 


x 
| 
| 
x 
| 
| 


k. Waterflow Devices (except valve tamper 
switches) 


1. Valve Tamper Switches 
16. Guard’s Tour Equipment 
17. Interface Equipment 


x KK K 


18. Special Hazard Equipment 


| 
| 
| 
| 
| 
a 
mn 


19. Alarm Notification Appliances 
a. Audible Devices 
b. Audible Textual Notification Appliances 


c. Visible Devices 


x KK 


20. Off-Premises Transmission Equipment 


| 
| 
| 
| 
| 
eS 
an 


21. Supervising Station Fire Alarm Systems — 
Transmitters 


a. DACT 
b. DART 
c. McCulloh 
d. RAT 
22. Special Procedures 


x Kx mM x 
| 
| 
| 

x Kx mM 
| 


21 
23. Supervising Station Fire Alarm Systems — Receivers 17 
a. DACR 

b. DARR 

c. McCulloh Systems 

d. Two-Way RF Multiplex 
e. RASSR 


f. RARSR 


MK oe mK OM 
i pe od 
| 
| 
| 
| 


g. Private Microwave 
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7-3.2.1* Detector sensitivity shall be checked within 1 year after 
installation and every alternate year thereafter. After the second 
required calibration test, if sensitivity tests indicate that the 
detector has remained within its listed and marked sensitivity 
range (or 4 percent obscuration light gray smoke, if not 
marked), the length of time between calibration tests shall be 
permitted to be extended to a maximum of 5 years. If the fre- 
quency is extended, records of detector-caused nuisance alarms 
and subsequent trends of these alarms shall be maintained. In 
zones or in areas where nuisance alarms show any increase over 
the previous year, calibration tests shall be performed. 

To ensure that each smoke detector is within its listed and 
marked sensitivity range, it shall be tested using any of the fol- 
lowing methods: 


(1) Calibrated test method 

(2) Manufacturer’s calibrated sensitivity test instrument 

(3) Listed control equipment arranged for the purpose 

(4) Smoke detector/control unit arrangement whereby the 
detector causes a signal at the control unit where its sen- 
sitivity is outside its listed sensitivity range 

(5) Other calibrated sensitivity test methods approved by the 
authority having jurisdiction 

Detectors found to have a sensitivity outside the listed and 
marked sensitivity range shall be cleaned and recalibrated or 
be replaced. 


Exception No. 1: Detectors listed as field adjustable shall be permitted 
to be either adjusted within the listed and marked sensitivity range and 
cleaned and recalibrated, or they shall be replaced. 


Exception No. 2: This requirement shall not apply to single station de- 
tectors referenced in 7-3.3 and Table 7-2. 2. 

The detector sensitivity shall not be tested or measured 
using any device that administers an unmeasured concentra- 
tion of smoke or other aerosol into the detector. 


7-3.2.2 Test frequency of interfaced equipment shall be the 
same as specified by the applicable NFPA standards for the 
equipment being supervised. 


7-3.2.3 For restorable fixed-temperature, spot-type heat detec- 
tors, two or more detectors shall be tested on each initiating cir- 
cuit annually. Different detectors shall be tested each year, with 
records kept by the building owner specifying which detectors 
have been tested. Within 5 years, each detector shall have been 
tested. 


7-3.2.4* For testing addressable and  analog-described 
devices, which are affixed to either a single, molded assembly 
or a twist-lock type affixed to a base, testing shall be conducted 
using the signaling style circuits (Styles 0.5 through 7). 
Analog-type detectors shall be tested with the same criteria. 


7-3.3 Single station smoke detectors installed in one- and two- 
family dwelling units shall be inspected, tested, and main- 
tained as specified in Chapter 8. Single station detectors 
installed in other than one- and two-family dwelling units shall 
be tested and maintained in accordance with Chapter 7. 


7-3.4 Test of all circuits extending from the central station 
shall be made at intervals of not more than 24 hours. 


7-3.5 Public Fire Reporting Systems. 


7-3.5.1 Emergency power sources other than batteries shall 
be operated to supply the system for a continuous period of 
1 hour at least weekly. This test shall require simulated fail- 
ure of the normal power source. 


7-3.5.2 Testing facilities shall be installed at the communications 
center and each subsidiary communications center, if used. 


Exception: If satisfactory to the authority having jurisdiction, those 
facilities for systems leased from a nonmunicipal organization that 
might be located elsewhere. 


7-4 Maintenance. 


7-4.1 Fire alarm system equipment shall be maintained in 
accordance with the manufacturer’s instructions. The fre- 
quency of maintenance shall depend on the type of equip- 
ment and the local ambient conditions. 


7-4.2 The frequency of cleaning shall depend on the type of 
equipment and the local ambient conditions. 

7-4.3 All apparatus requiring rewinding or resetting to main- 
tain normal operation shall be rewound or reset as promptly 
as possible after each test and alarm. All test signals received 
shall be recorded to indicate date, time, and type. 


7-4.4 The retransmission means as defined in Section 5-2 shall 
be tested at intervals of not more than 12 hours. The retrans- 
mission signal and the time and date of the retransmission 
shall be recorded in the central station. 


Exception: If the retransmission means is the public switched tele- 
phone network, it shall be permitted to be tested weekly to confirm its 
operation to each public fire service communications center. 


7-5 Records. 


7-5.1* Permanent Records. After successful completion of 
acceptance tests approved by the authority having jurisdiction, 
a set of reproducible as-built installation drawings, operation 
and maintenance manuals, and a written sequence of opera- 
tion shall be provided to the building owner or the owner’s 
designated representative. The owner shall be responsible for 
maintaining these records for the life of the system for exami- 
nation by any authority having jurisdiction. Paper or elec- 
tronic media shall be permitted. 


7-5.2, Maintenance, Inspection, and Testing Records. 


7-5.2.1 Records shall be retained until the next test and for 
1 year thereafter. 


7-5.2.2 A permanent record of all inspections, testing, and 

maintenance shall be provided that includes the following 

information regarding tests and all the applicable information 

requested in Figure 7-5.2.2. 

(1) Date 

(2) Test frequency 

(3) Name of property 

(4) Address 

(5) Name of person performing inspection, maintenance, 
tests, or combination thereof, and affiliation, business 
address, and telephone number 

(6) Name, address, and representative of approving agency (ies) 

(7) Designation of the detector(s) tested, for example, “Tests 
performed in accordance with Section ° 

(8) Functional test of detectors 

(9) *Functional test of required sequence of operations 

(10) Check of all smoke detectors 

(11) Loop resistance for all fixed-temperature, line-type heat 
detectors 

(12) Other tests as required by equipment manufacturers 

(13) Other tests as required by the authority having jurisdiction 

(14) Signatures of tester and approved authority representative 

(15) Disposition of problems identified during test (for 
example, owner notified, problem corrected/success- 
fully retested, device abandoned in place) 
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Figure 7-5.2.2 Example of an inspection and testing form. 


INSPECTION AND TESTING FORM 


SERVICE ORGANIZATION 


Name: 


Address: 


Representative: 


License No.: 


Telephone: 


MONITORING ENTITY 


Contact: 


Telephone: 


Monitoring Account Ref. No.: 


TYPE TRANSMISSION 
McCulloh 
Multiplex 
Digital 

Reverse Priority 
RF 

Other (Specify) 


Panel Manufacturer: 


Circuit Styles: 


Number of Circuits: 


Software Rev.: 


Last Date System Had Any Service Performed: 


DATE: 
TIME: 


PROPERTY NAME (USER) 


Name: 


Address: 


Owner Contact: 


Telephone: 


APPROVING AGENCY 


Contact: 


Telephone: 


SERVICE 

Weekly 
Monthly 
Quarterly 
Semiannually 
Annually 
Other (Specify) 


Last Date that Any Software or Configuration Was Revised: 


ALARM-INITIATING DEVICES AND CIRCUIT INFORMATION 


Quantity Circuit Style 
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Manual Stations 
Ion Detectors 
Photo Detectors 
Duct Detectors 
Heat Detectors 
Waterflow Switches 
Supervisory Switches 
Other (Specify): 
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Figure 7-5.2.2 (Continued) 


ALARM NOTIFICATION APPLIANCES AND CIRCUIT INFORMATION 


Quantity Circuit Style 
Bells 
Horns 


Chimes 

Strobes 
Speakers 

Other (Specify): 


No. of alarm indicating circuits: 


Are circuits supervised? ©) Yes lI No 


SUPERVISORY SIGNAL-INITIATING DEVICES AND CIRCUIT INFORMATION 


Quantity Circuit Style 

Building Temp. 

Site Water Temp. 

Site Water Level 

Fire Pump Power 

Fire Pump Running 

Fire Pump Auto Position 

Fire Pump or Pump Controller Trouble 
Fire Pump Running 

Generator In Auto Position 


Generator or Controller Trouble 


Switch Transfer 
Generator Engine Running 
Other: 


SIGNALING LINE CIRCUITS 
Quantity and style (See NFPA 72, Table 3-6) of signaling line circuits connected to system: 
Quantity Style(s) 
SYSTEM POWER SUPPLIES 
a. Primary (Main): Nominal Voltage , Amps 


Overcurrent Protection: Type , Amps 
Location (Panel Number): 


Disconnecting Means Location: 


. Secondary (Standby): 
Storage Battery: Amp-Hr. Rating 


Calculated capacity to operate system, in hours: 24 60 


Engine-driven generator dedicated to fire alarm system: 
Location of fuel storage: 


TYPE BATTERY 

Dry Cell 
Nickel-Cadmium 
Sealed Lead-Acid 
Lead-Acid 

Other (Specify): 


. Emergency or standby system used as a backup to primary power supply, instead of using a secondary power supply: 
Emergency system described in NFPA 70, Article 700 
Legally required standby described in NFPA 70, Article 701 


Optional standby system described in NFPA 70, Article 702, which also meets the performance requirements 
of Article 700 or 701. 
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Figure 7-5.2.2 (Continued) 


PRIOR TO ANY TESTING 


NOTIFICATIONS ARE MADE Yes 
Monitoring Entity 


Building Occupants 


Building Management 
Other (Specify) 
AHJ (Notified) of Any Impairments 


SYSTEM TESTS AND INSPECTIONS 


TYPE Visual Functional Comments 


Control Panel 


Interface Eq. 
Lamps/LEDS 
Fuses 


Primary Power Supply 


Trouble Signals 


Disconnect Switches 


oooeoeeeeo 


Ground-Fault Monitoring 


SECONDARY POWER 


TYPE Visual Functional Comments 


Battery Condition | 
Load Voltage 
Discharge Test 


Charger Test 


Specific Gravity 

TRANSIENT SUPPRESSORS 
REMOTE ANNUNCIATORS 
NOTIFICATION APPLIANCES 


Audible 
Visual 


Speakers 


Voice Clarity 


INITIATING AND SUPERVISORY DEVICE TESTS AND INSPECTIONS 


Device Visual Functional Factory Meas. 
Type Check Test Setting Setting 


Comments: 


(NFPA Inspection and Testing 3 of 4) 
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Figure 7-5.2.2 (Continued) 


EMERGENCY COMMUNICATIONS EQUIPMENT 


Phone Set 

Phone Jacks 
Off-Hook Indicator 
Amplifier(s) 

Tone Generator(s) 
Call-in Signal 
System Performance 


INTERFACE EQUIPMENT 
(Specify) 
(Specify) 
(Specify) 

SPECIAL HAZARD SYSTEMS 
(Specify) 
(Specify) 
(Specify) 


Special Procedures: 


Visual 


Functional Comments 


Device Simulated 
Operation Operation 


Comments: 


ON/OFF PREMISES MONITORING 


Alarm Signal 
Alarm Restoral 


Trouble Signal 
Supervisory Signal 
Supervisory Restoral 


NOTIFICATIONS THAT TESTING IS COMPLETE 


Building Management 
Monitoring Agency 
Building Occupants 
Other (Specify) 


The following did not operate correctly: 


coood#? 


Z 
i) 


Ee) eo 


Comments 


System restored to normal operation: Date: 


Time: 


THIS TESTING WAS PERFORMED IN ACCORDANCE WITH APPLICABLE NFPA STANDARDS. 


Name of Inspector: 


Signature: 


Name of Owner or Representative: 


Date: 


Signature: 


(NFPA Inspection and Testing 4 of 4) 
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7-5.3 For supervising station fire alarm systems, records per- 
taining to signals received at the supervising station that result 
from maintenance, inspection, and testing, shall be main- 
tained for not less than 12 months. Upon request, a hard copy 
record shall be provided to the authority having jurisdiction. 
Paper or electronic media shall be permitted. 


7-5.4 If the operation of a device, circuit, control panel func- 
tion, or special hazard system interface is simulated, it shall be 
noted on the certificate that the operation was simulated, and 
the certificate shall indicate by whom it was simulated. 


Chapter 8 Fire Warning Equipment for Dwelling Units 


8-1* Primary Function. Fire warning equipment for dwell- 
ing units shall provide a reliable means to notify the occupants 
of a dwelling unit of the presence of a threatening fire and the 
need to escape to a place of safety before such escape might be 
impeded by untenable conditions in the normal path of 
egress. 


8-1.1* Limitations. 


8-1.1.1 Life safety from fire in residential occupancies shall be 
based primarily on early notification to occupants of the need 
to escape, followed by the appropriate egress actions by those 
occupants. Fire warning systems for dwelling units are capable 
of protecting about half of the occupants in potentially fatal 
fires. Victims are often intimate with the fire, too old or too 
young, or physically or mentally impaired such that they can- 
not escape even when warned early enough that escape should 
be possible. For these people, other strategies such as protec- 
tion-in-place or assisted escape or rescue shall be necessary. 


8-1.1.2* The performance of fire warning equipment for 
dwelling units discussed in Chapter 8 shall depend on such 
equipment being properly selected, installed, operated, 
tested, and maintained in accordance with the provisions of 
this code and with the manufacturer’s instructions provided 
with the equipment. 


8-1.2 Performance Criteria. 


8-1.2.1* Sufficient initiating devices shall be installed within 
the dwelling unit so that their operation provides adequate 
egress time before the occurrence of untenable conditions at 
any point along the normal path of egress for all design fire 
scenarios specified in applicable codes and any supplementary 
fire scenarios specified by the authority having jurisdiction. 


8-1.2.2* Fire warning equipment for dwelling units shall pro- 
vide a sound that is audible in all occupiable dwelling areas. 
Audible fire alarm signals shall meet the performance require- 
ments of 4-3.4. If the dwelling unit is occupied by people with 
hearing deficiencies, visible appliances shall be provided in all 
dwelling areas to meet the requirements of Section 4-4. 


8-1.2.3* Newly installed fire warning equipment for dwelling 
units (including self-contained devices) shall produce the 
audible emergency signal described in ANSI S3.41, Audible 
Emergency Evacuation Signal, whenever the intended response 
is to evacuate the building. The same audible signal shall be 
permitted to be used for other devices as long as the desired 
response is immediate evacuation. 


Exception: Fire warning equipment that is installed in accordance 
with provisions of this chapter in other than dwelling units, unless re- 
quired by another chapter. 
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8-1.2.4* Location of initiating devices shall consider condi- 
tions such as high or low temperature, humidity, or sources of 
smoke that can lead to nuisance alarms. 


8-1.3 Verification Methods. The following methods of verify- 
ing compliance with the performance criteria of 8-1.2 shall be 
permitted. Other methods permitted by the authority having 
jurisdiction shall be accepted if appropriate. 


8-1.3.1 Calculation of detector activation times for all fire sce- 
narios shall demonstrate that sufficient time is provided to 
allow for successful escape of all occupants. 


8-1.3.2 Calculation of sound distribution or light intensity lev- 
els, or both, shall demonstrate compliance with the perfor- 
mance criteria of 8-1.2.2. 


8-1.3.3 Timing the signal to determine that it meets the 
required temporal pattern shall be permitted. 


8-1.4 Acceptable Solutions. Equipment and installations that 
comply with 8-1.4.1 through 8-1.4.4 shall be considered one 
way of meeting the performance criteria of 8-1.2. Other means 
judged by the authority having jurisdiction as providing equiv- 
alent performance shall be permitted. 


8-1.4.1* Smoke detectors and smoke alarms located in accor- 
dance with the requirements of NFPA 101°, Life Safety Cod&, 
for the applicable occupancy classification of the building 
shall be considered in compliance with these requirements. 


8-1.4.1.1 New Hotels and Dormitories. 
8-1.4.1.1.1 Detection. 


8-1.4.1.1.2 A corridor smoke detection system in accor- 
dance with Section 7-6 of NFPA J0J shall be provided. 
(101:16-3.4.4.1) 


Exception: Buildings protected throughout by an approved, super- 
vised automatic sprinkler system installed in accordance with 16-3.5.1 
of NFPA 101. (101:16-3.4.4.1) 


8-1.4.1.1.3 An approved, single-station smoke alarm shall be 
installed in accordance with 7-6.2.10 of NFPA 101 in every 
guest room and every living area and sleeping room within a 
guest suite. (101:16-3.4.4.2) 


8-1.4.1.2 Existing Hotels and Dormitories. 
8-1.4.1.2.1 Detection. 


8-1.4.1.2.2 An approved, single-station smoke alarm shall be 
installed in accordance with 7-6.2.10 of NFPA 101 in every 
guest room and every living area and sleeping room within a 
guest suite. (101:17-3.4.4.2) 


Exception No. 1: These alarms shall not be required to be interconnect- 
ed. (101:17-3.4.4.2) 

Exception No. 2: Single-station smoke alarms without a secondary 
(standby) power source shall be permitted. (101:17-3.4.4.2) 
8-1.4.1.3 New Apartment Buildings. 

8-1.4.1.3.1 Detection. 


8-1.4.1.3.2 Approved, single-station smoke alarms shall be 
installed in accordance with 7-6.2.10 of NFPA 101 outside 
every sleeping area in the immediate vicinity of the bedrooms 
and on all levels of the dwelling unit including basements. 
(101:18-3.4.4.1) 
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8-1.4.1.3.3 Approved, single-station smoke alarms shall be 
installed in accordance with 7-6.2.10 of NFPA J01 in every 
sleeping room. (101:18-3.4.4.2) 


Exception: In buildings protected throughout by an approved, super- 
vised automatic sprinkler system installed in accordance with 18-3.5 
of NFPA 101. (101:18-3.4.4.2) 


8-1.4.1.4 Existing Apartment Buildings. 
8-1.4.1.4.1 Detection. 


8-1.4.1.4.2 Approved, single-station smoke alarms shall be 
installed in accordance with 7-6.2.10 of NFPA 101 outside 
every sleeping area in the immediate vicinity of the bedrooms 
and on all levels of the dwelling unit including basements. 
(101:19-3.4.4.1) 


Exception No. 1: The single-station smoke alarm shall not be required 
where the building is equipped throughout with an existing total auto- 
matic smoke detection system. (101:19-3.4.4.1) 

Exception No. 2: Single-station smoke alarms without a secondary 
(standby) power source shall be permitted. (101: 19-3.4.4.1) 


8-1.4.1.4.3 In buildings using Option 2, a complete automatic 
fire detection system in accordance with 7-6.1.4 of NFPA 101 
shall be required. (101:19-3.4.4.2) 


8-1.4.1.5 Lodging or Rooming Houses. 
8-1.4.1.5.1 Detection. 


8-1.4.1.5.2 Approved single-station smoke alarms shall be 
installed in accordance with 7-6.2.10 of NFPA J01 in every 
sleeping room. 


Exception No. 1: These detectors shall not be required to be intercon- 
nected. (101:20-3.3.4) 


Exception No. 2: Existing battery-powered smoke alarms, rather than 
house electric-powered smoke alarms, shall be permitted where the facil- 
ity has demonstrated to the authority having jurisdiction that the test- 
ing, maintenance, and battery replacement programs will ensure 
reliability of power to the smoke alarms. (101:30-3.3.4) 


8-1.4.1.6 One- and Two-Family Dwellings. 
8-1.4.1.6.1 Detection, Alarm, and Communications Systems. 


8-1.4.1.6.2 Approved, single-station smoke alarms shall be 
installed in accordance with 7-6.2.10 of NFPA 101 in the fol- 
lowing locations: 


(1) All sleeping rooms 


Exception: Smoke alarms shall not be required in sleeping rooms in ex- 
isting construction. 


(2) Outside of each separate sleeping area, in the immediate 
vicinity of the sleeping rooms 

(3) On each additional story of the dwelling unit including 
basements (101:21-3.3.1) 


Exception No. 1: Dwelling units protected by an approved smoke de- 
tection system installed in accordance with Section 7-6 of NFPA 101, 
having an approved means of occupant notification. 


Exception No. 2: In existing construction, approved smoke alarms 
powered by batteries shall be permitted. 


8-1.4.2* Initiating devices shall be located in areas where 
ambient conditions are within the limits specified by the man- 
ufacturer, and smoke alarms or smoke detectors shall not be 
closer than 3 ft (1 m) from the door to a bathroom or kitchen. 
Smoke alarms or smoke detectors that are located within 20 ft 


(6.1 m) of a cooking appliance and are equipped with an 
alarm silencing means or are of the photoelectric type shall be 
considered acceptable. 


8-1.4.3 Smoke alarms conforming to the requirements of 
ANSI/UL 217, Standard for Safety Single and Multiple Station 
Smoke Alarms, or smoke detectors conforming to ANSI/UL 
268, Standard for Safety Smoke Detectors for Five Protective Signaling 
Systems, shall be considered acceptable. Visible signaling 
appliances shall conform to the requirements of ANSI/UL 
1971, Signaling Devices for Hearing Impaired. Smoke alarms and 
smoke detectors shall be capable of detecting abnormal quan- 
tities of smoke and shall alarm prior to a gray smoke level of 
4 percent per ft (0.58 dB/m optical density) that can occur in 
a dwelling unit. Visible notification appliances located on the 
ceiling over the bed and within 16 ft of a sleeping occupant 
shall have a light output rating of at least 177 cd. Where a vis- 
ible notification appliance in a sleeping room is mounted 
more than 24 in. (610 mm) below the ceiling and within 16 ft 
of the pillow, a minimum rating of 110 cd shall be permitted. 


8-1.4.4 Smoke detectors shall be connected to central con- 
trols for power, signal processing, and activation of notifica- 
tion appliances. Smoke alarms shall not be interconnected in 
numbers that exceed the manufacturer’s recommendations, 
but in no case shall more than 18 initiating devices be inter- 
connected (of which 12 can be smoke alarms) where the inter- 
connecting means is not supervised, nor more than 64 
initiating devices be interconnected (of which 42 can be 
smoke alarms) where the interconnecting means is super- 
vised. 


8-2 Optional Functions. The following optional functions of 
fire warning equipment for dwelling units shall be permitted: 


(1) Notification of the fire department, either directly or 

through an alarm monitoring service 

(2) Monitoring of other safety systems, such as fire sprinklers 

for proper operating conditions 

(3) Notification of occupants or others of potentially danger- 

ous conditions, such as the presence of fuel gases or toxic 

gases such as carbon monoxide 

(4) Notification of occupants or others of the activation of 
intrusion (burglar alarm) sensors 

(5) Any other function, safety related or not, that may share 
components or wiring 


8-2.1 Performance Criteria. 


8-2.1.1* If designed and installed to perform additional func- 
tions, fire warning equipment for dwelling units shall operate 
reliably and without compromise to its primary functions. 


8-2.1.2 Fire signals shall take precedence over any other sig- 
nal or functions, even if a non-fire signal is activated first. 


8-2.1.3 Signals shall be distinctive so that a fire signal can be 
easily distinguished from signals that require different actions 
by the occupants. 


8-2.1.4 Faults in other systems or components shall not affect 
the operation of the fire warning system. 


8-2.2 Verification Methods. 


8-2.2.1 The following methods of verifying compliance with 
the performance criteria of 8-2.1 shall be permitted. Other 
methods permitted by the authority having jurisdiction shall 
be accepted if appropriate. 
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8-2.2.2 Equipment designed and installed such that the 
required operation is obtained shall be considered acceptable. 


8-2.3. Acceptable Solutions. 


8-2.3.1 Equipment and installations that comply with the fol- 
lowing shall be considered one way of meeting the perfor- 
mance criteria of 8-2.1. Other means judged by the authority 
having jurisdiction as providing equivalent performance shall 
be permitted. 


8-2.3.2 Fire warning equipment for dwelling units listed for 
the functions and combinations stated shall be considered 
acceptable when judged by the authority having jurisdiction as 
providing equivalent performance. 


8-3 Reliability. 


8-3.1 Fire warning systems located in dwelling units and hav- 
ing all of the following features shall be considered to have a 
functional reliability of 95 percent: 


(1) Utilizes a control panel 

(2) Has at least two independent sources of operating power 

(3) Monitors all initiating and notification circuits for integrity 

(4) Transmits alarm signals to a constantly attended, remote 
monitoring location 

(5) Is tested regularly by the homeowner and at least every 
3 years by a qualified service technician 


8-3.2 Fire warning systems for dwelling units with all of the 
features of 8-3.1 except (4) or systems that use low-power 
wireless transmission from initiating devices within the dwell- 
ing units shall be considered to have a functional reliability 
of 90 percent. 


8-3.3 Fire warning systems for dwelling units comprised of 
interconnected smoke alarms where the interconnecting 
means is monitored for integrity shall be considered to have a 
functional reliability of 88 percent. If the interconnecting 
means is not supervised or the alarms are not interconnected, 
such systems shall be considered to have a functional reliabil- 
ity of 85 percent. 


8-3.4* Fire warning equipment for dwelling units shall be pro- 
vided with a convenient means for testing its operability by the 
homeowner. 


8-3.5 Unless otherwise recommended by the manufacturer, 
smoke alarms installed in accordance with Chapters 18, 19, or 
21 of NFPA 101, Life Safety Code, shall be replaced when they 
fail to respond to tests conducted in accordance with 8-3.4 but 
shall not remain in service longer than 10 years from the date 
of installation. 


8-4 Performance Criteria. 


8-4.1 The two independent power sources shall consist of a 
primary source that uses the commercial light and power 
source and a secondary source that consists of a rechargeable 
battery or standby generator that can operate the system for at 
least 24 hours in the normal condition followed by 4 minutes 
of alarm. 


8-4.2 All monitored circuits shall indicate with a distinctive 
trouble signal the occurrence of a single fault (open or unin- 
tentional ground), whether or not such fault affects the sys- 
tem’s operation. Circuits interconnecting multiple station 
alarms shall not be required to be monitored provided a fault 
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does not prevent an alarm signal from the detector that senses 
the abnormal condition. 


8-4.3 Supervising Stations. 


8-4.3.1 Means to transmit alarm signals to a constantly 
attended, remote monitoring location shall perform as 
described in Chapter 5 except that the DACT serving the pro- 
tected premises only requires a single telephone line and only 
requires a call to a single DACR number. DACT test signals 
shall be transmitted at least monthly. Such systems shall not be 
required to be certificated or placarded. 


8-4.3.2* Remote monitoring locations shall be permitted to 
verify residential alarm signals prior to reporting them to the 
fire service provided that the verification process does not 
delay the reporting by more than 90 seconds. 


8-4.4 Low-power wireless systems shall comply with the perfor- 
mance criteria of Section 3-10. 


8-4.5 Smoke alarms shall be powered from the commercial 
light and power source along with a secondary battery source 
that is capable of operating the device for at least 7 days in the 
normal condition followed by 4 minutes of alarm. Alterna- 
tively, smoke alarms shall be powered by a non-replaceable pri- 
mary battery that is capable of operating the device for at least 
10 years followed by 4 minutes of alarm, followed by 7 days of 
trouble. 


8-4.6 Smoke alarms powered by a primary battery capable of 
operating the device for at least 1 year in the normal condi- 
tion, followed by 4 minutes of alarm, followed by at least 7 days 
of trouble, shall be used only if specifically permitted. 


8-4.7 Verification Methods. The following methods of verify- 
ing compliance with the performance criteria of Section 8-4 
shall be permitted. Other methods permitted by the authority 
having jurisdiction shall be accepted if appropriate. 


8-4.7.1 Engineering analysis such as fault tree analysis (FTA) 
or failure modes and effects criticality analysis (FMECA) shall 
be acceptable methods of determining equipment reliability. 


8-4.7.2 Equipment designed and installed such that the 
required operation is obtained shall be considered accept- 
able. 


8-4.8 Acceptable Solutions. 


8-4.8.1 Equipment and installations that comply with 8-4.8.2 
shall be considered one way of meeting the performance cri- 
teria of Section 8-4. Other means judged by the authority hav- 
ing jurisdiction as providing equivalent performance shall be 
permitted. 


8-4.8.2 Equipment listed and approved to standards that ver- 
ify the required performance such as ANSI/UL 985, Standard 
for Safety Household Fire Warning Control Units; ANSI/UL 217, 
Standard for Safety Single and Multiple Station Smoke Alarms; or 
ANSI/UL 268, Standard for Safety Smoke Detectors for Fire Protective 
Signaling Systems, shall be considered acceptable. 


Chapter 9 Referenced Publications 


9-1 The following documents or portions thereof are refer- 
enced within this code as mandatory requirements and shall 
be considered part of the requirements of this code. The edi- 
tion indicated for each referenced mandatory document is the 
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current edition as of the date of the NFPA issuance of this 
code. Some of these mandatory documents might also be ref- 
erenced in this code for specific informational purposes and, 
therefore, are also listed in Appendix C. 


9-1.1 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 


NFPA 10, Standard for Portable Fire Extinguishers, 1998 edition. 
NFPA 13, Standard for the Installation of Sprinkler Systems, 
1999 edition. 

NFPA 13D, Standard for the Installation of Sprinkler Systems in 
One- and Two-Family Dwellings and Manufactured Homes, 1999 
edition. 

NFPA 13R, Standard for the Installation of Sprinkler Systems in 
Residential Occupancies up to and Including Four Stories in Height, 
1999 edition. 

NFPA 20, Standard for the Installation of Stationary Pumps for 
Fire Protection, 1999 edition. 

NFPA 25, Standard for the Inspection, Testing, and Maintenance 
of Water-Based Fire Protection Systems, 1998 edition. 

NFPA 37, Standard for the Installation and Use of Stationary 
Combustion Engines and Gas Turbines, 1998 edition. 

NFPA 54, National Fuel Gas Code, 1999 edition. 

NFPA 58, Liquefied Petroleum Gas Code, 1998 edition. 

NFPA 70, National Electrical Cod&, 1999 edition. 

NFPA 75, Standard for the Protection of Electronic Computer/ 
Data Processing Equipment, 1999 edition. 

NFPA 90A, Standard for the Installation of Air-Conditioning 
and Ventilating Systems, 1999 edition. 

NFPA 101°, Life Safety Codé, 1997 edition. 

NFPA 110, Standard for Emergency and Standby Power Systems, 
1999 edition. 

NFPA 111, Standard on Stored Electrical Energy Emergency and 
Standby Power Systems, 1996 edition. 

NFPA 601, Standard for Security Services in Five Loss Prevention, 
1996 edition. 

NFPA 780, Standard for the Installation of Lightning Protection 
Systems, 1997 edition. 

NFPA 1221, Standard for the Installation, Maintenance, and 
Use of Emergency Services Communications Systems, 1999 edition. 


9-1.2 Other Publications. 


9-1.2.1 ANSI Publications. American National Standards Insti- 
tute, Inc., 11 West 42nd Street, 13th floor, New York, NY 10036. 


ANSI A-58.1, Building Code Requirements for Minimum Design 
Loads in Buildings and Other Structures, 

ANSI S1.4a, Specifications for Sound Level Meters, 1985. 

ANSI S3.41, Audible Emergency Evacuation Signal, 1996. 
ANSI/ASME A17.1, Safety Code for Elevators and Escalators, 1998. 
ANSI/IEEE C2, National Electrical Safety Code, 1997. 
ANSI/UL 217, Standard for Safety Single and Multiple Station 
Smoke Alarms, 1997. 

ANSI/UL 268, Standard for Safety Smoke Detectors for Fire Pro- 
tective Signaling Systems, 1999. 

ANSI/UL 827, Standard for Safety Central-Station for Watch- 
man, Fire-Alarm and Supervisory Services, 1997. 

ANSI/UL 985, Standard for Safety Household Fire Warning 
Control Units, 1994. 

ANSI/UL 1971, Signaling Devices for Hearing Impaired, 1995. 


9-1.2.2 EIA Publication. Electronic Industries Alliance, 2500 
Wilson Boulevard, Arlington, VA 22201-3834. 


EIA Tr 41.3, Telephones. 


9-1.3 Additional References. 

International Municipal Signal Association, P.O. Box 539, 
Newark, NY 14513. 

National Institute for Certification in Engineering Tech- 
nologies, 1420 King Street, Alexandria, VA 22314-2794. 


Appendix A Explanatory Material 


Appendix A is not a part of the requirements of this NFPA docu- 
ment but is included for informational purposes only. This appendix 
contains explanatory material, numbered to correspond with the appli- 
cable text paragraphs. 


A-1-2.1 Fire alarm systems intended for life safety should be 
designed, installed, and maintained to provide indication and 
warning of abnormal fire conditions. The system should alert 
building occupants and summon appropriate aid in adequate 
time to allow for occupants to travel to a safe place and for res- 
cue operations to occur. The fire alarm system should be part 
of a life safety plan that also includes a combination of preven- 
tion, protection, egress, and other features particular to that 
occupancy. 


A-1-4 Approved. The National Fire Protection Association 
does not approve, inspect, or certify any installations, proce- 
dures, equipment, or materials; nor does it approve or evalu- 
ate testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the author- 
ity having jurisdiction may base acceptance on compliance 
with NFPA or other appropriate standards. In the absence of 
such standards, said authority may require evidence of proper 
installation, procedure, or use. The authority having jurisdic- 
tion may also refer to the listings or labeling practices of an 
organization that is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for the current production of listed items. 


A-1-4 Authority Having Jurisdiction. The phrase “authority 
having jurisdiction” is used in NFPA documents in a broad 
manner, since jurisdictions and approval agencies vary, as do 
their responsibilities. Where public safety is primary, the 
authority having jurisdiction may be a federal, state, local, or 
other regional department or individual such as a fire chief; 
fire marshal; chief of a fire prevention bureau, labor depart- 
ment, or health department; building official; electrical 
inspector; or others having statutory authority. For insurance 
purposes, an insurance inspection department, rating bureau, 
or other insurance company representative may be the author- 
ity having jurisdiction. In many circumstances, the property 
owner or his or her designated agent assumes the role of the 
authority having jurisdiction; at government installations, the 
commanding officer or departmental official may be the 
authority having jurisdiction. 


A-1-4 Certification of Personnel. This definition of certifica- 
tion of personnel applies only to municipal fire alarm systems. 


A-1-4 Combination System. Examples of non-fire systems are 
security, card access control, closed circuit television, sound 
reinforcement, background music, paging, sound masking, 
building automation, time, and attendance. 


A-1-4 Double Doorway. Refer to Figure 2-10.6.5.3.1 for an 
illustration of detector location requirements for double 
doors. 
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A-1-4 Ember. Class A and Class D combustibles burn as 
embers under conditions where the flame typically associated 
with fire does not necessarily exist. This glowing combustion 
yields radiant emissions in parts of the radiant energy spec- 
trum that are radically different from those parts affected by 
flaming combustion. Specialized detectors that are specifically 
designed to detect those emissions should be used in applica- 
tions where this type of combustion is expected. In general, 
flame detectors are not intended for the detection of embers. 


A-1-4 Evacuation. Evacuation does not include the relocation 
of occupants within a building. 


A-1-4 Fixed-Temperature Detector. The difference between 
the operating temperature of a fixed-temperature device and 
the surrounding air temperature is proportional to the rate at 
which the temperature is rising. The rate is commonly 
referred to as thermal lag. The air temperature is always higher 
than the operating temperature of the device. 

Typical examples of fixed-temperature sensing elements 
are as follows. 


(a) Bimetallic. A sensing element comprised of two metals 
that have different coefficients of thermal expansion arranged 
so that the effect is deflection in one direction when heated 
and in the opposite direction when cooled. 


(b) Electrical Conductivity. A line-type or spot-type sensing 
element in which resistance varies as a function of temperature. 


(c) Fusible Alloy. A sensing element of a special composition 
metal (eutectic) that melts rapidly at the rated temperature. 


(d) Heat-Sensitive Cable. A line-type device in which the 
sensing element comprises, in one type, two current-carrying 
wires separated by heat-sensitive insulation that softens at the 
rated temperature, thus allowing the wires to make electrical 
contact. In another type, a single wire is centered in a metallic 
tube, and the intervening space is filled with a substance that 
becomes conductive at a critical temperature, thus establish- 
ing electrical contact between the tube and the wire. 

(e) Liquid Expansion. A sensing element comprising a liq- 
uid that is capable of marked expansion in volume in response 
to an increase in temperature. 


A-1-4 Flame Detector. Flame detectors are categorized as 
ultraviolet, single wavelength infrared, ultraviolet infrared, or 
multiple wavelength infrared. 


A-1-4 Ionization Smoke Detection. Ionization smoke detec- 
tion is more responsive to invisible particles (smaller than 
1 micron in size) produced by most flaming fires. It is 
somewhat less responsive to the larger particles typical of 
most smoldering fires. Smoke detectors that use the ioniza- 
tion principle are usually of the spot type. 


A-1-4 Listed. The means for identifying listed equipment 
may vary for each organization concerned with product evalu- 
ation; some organizations do not recognize equipment as 
listed unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identify a listed product. 


A-1-4 Photoelectric Light Obscuration Smoke Detection. The 
response of photoelectric light obscuration smoke detectors is 
usually not affected by the color of smoke. 

Smoke detectors that use the light obscuration principle 
are usually of the line type. These detectors are commonly 
referred to as “projected beam smoke detectors.” 


1999 Edition 


A-14 Photoelectric Light-Scattering Smoke Detection. Photo- 

electric light-scattering smoke detection is more responsive to 
visible particles (larger than 1 micron in size) produced by most 
smoldering fires. It is somewhat less responsive to the smaller 
particles typical of most flaming fires. It is also less responsive to 
black smoke than to lighter colored smoke. Smoke detectors 
that use the light-scattering principle are usually of the spot type. 


A-1-4 Radio Channel. The width of the channel depends on 
the type of transmissions and the tolerance for the frequency of 
emission. Channels normally are allocated for radio transmis- 
sion in a specified type for service by a specified transmitter. 


A-1-4 Rate Compensation Detector. A typical example of a 
rate compensation detector is a spot-type detector with a tubu- 
lar casing of a metal that tends to expand lengthwise as it is 
heated and an associated contact mechanism that closes at a 
certain point in the elongation. A second metallic element 
inside the tube exerts an opposing force on the contacts, tend- 
ing to hold them open. The forces are balanced in such a way 
that, on a slow rate-of-temperature rise, there is more time for 
heat to penetrate to the inner element, which inhibits contact 
closure until the total device has been heated to its rated tem- 
perature level. However, on a fast rate-of-temperature rise, 
there is not as much time for heat to penetrate to the inner 
element, which exerts less of an inhibiting effect so that con- 
tact closure is achieved when the total device has been heated 
to a lower temperature. This, in effect, compensates for ther- 
mal lag. 


A-1-4 Rate-of-Rise Detector. Typical examples of rate-of-rise 
detectors are as follows. 


(a) Pneumatic Rate-of-Rise Tubing. A line-type detector com- 
prising small-diameter tubing, usually copper, that is installed 
on the ceiling or high on the walls throughout the protected 
area. The tubing is terminated in a detector unit that contains 
diaphragms and associated contacts set to actuate at a prede- 
termined pressure. The system is sealed except for calibrated 
vents that compensate for normal changes in temperature. 

(b) Spot-Type Pneumatic Rate-of-Rise Detector. A device consist- 
ing of an air chamber, a diaphragm, contacts, and a compen- 
sating vent in a single enclosure. The principle of operation is 
the same as that described for pneumatic rate-of-rise tubing. 

(c) Electrical Conductivity—Type Rate-of-Rise Detector. A line- 
type or spot-type sensing element in which resistance changes 
due to a change in temperature. The rate of change of resis- 
tance is monitored by associated control equipment, and an 
alarm is initiated when the rate of temperature increase 
exceeds a preset value. 


A-1-4 Sloping Peaked-Type Ceiling. Refer to Figure A-2-2.4.4.1 
for an illustration of smoke or heat detector spacing on peaked- 
type sloped ceilings. 


A-1-4 Sloping Shed-Type Ceiling. Refer to Figure A-2-2.4.4.2 
for an illustration of smoke or heat detector spacing on shed- 
type sloped ceilings. 


A-1-4 Smooth Ceiling. Open truss constructions are not con- 
sidered to impede the flow of fire products unless the upper 
member, in continuous contact with the ceiling, projects 
below the ceiling more than 4 in. (100 mm). 


A-1-4 Spark. The overwhelming majority of applications 
involving the detection of Class A and Class D combustibles 
with radiant energy-sensing detectors involve the transport of 
particulate solid materials through pneumatic conveyor ducts 
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or mechanical conveyors. It is common in the industries that 
include such hazards to refer to a moving piece of burning 
material as a spark and to systems for the detection of such fires 
as spark detection systems. 


A-1-4 Voice Intelligibility. As used in this code, intelligibility 
and intelligible are both applied to the description of voice 
communications systems intended to reproduce human 
speech. When a human being can clearly distinguish and 
understand human speech reproduced by such a system, the 
system is said to be intelligible. Satisfactory intelligibility 
requires adequate audibility and adequate clarity. Clarity is 
defined as freedom from distortion of all kinds (IEC 60849, 
Sound Systems for Emergency Purposes, Section 3.6). The follow- 
ing are three kinds of distortion responsible for the reduction 
of speech clarity in an electroacoustic system: 


(1) Amplitude distortion, due to non-linearity in electronic 
equipment and transducers 
(2) Frequency distortion, due to non-uniform frequency 
response of transducers and selective absorption of vari- 
ous frequencies in acoustic transmission 
(3) Time domain distortion, due to reflections and reverber- 
ation in the acoustic domain 
Of these three kinds of distortion, frequency distortion is 
partially, and time domain distortion is totally, a function of the 
environment in which the system is installed (size, shape, and 
surface characteristics of walls, floors, and ceilings) and the 
character and placement of the loudspeakers (transducers). 


A-1-4 Wavelength. The concept of wavelength is extremely 
important in selecting the proper detector for a particular 
application. There is a precise interrelation between the wave- 
length of light being emitted from a flame and the combus- 
tion chemistry producing the flame. Specific subatomic, 
atomic, and molecular events yield radiant energy of specific 
wavelengths. For example, ultraviolet photons are emitted as 
the result of the complete loss of electrons or very large 
changes in electron energy levels. During combustion, mole- 
cules are violently torn apart by the chemical reactivity of oxy- 
gen, and electrons are released in the process, recombining at 
drastically lower energy levels, thus giving rise to ultraviolet 
radiation. Visible radiation is generally the result of smaller 
changes in electron energy levels within the molecules of fuel, 
flame intermediates, and products of combustion. Infrared 
radiation comes from the vibration of molecules or parts of 
molecules when they are in the superheated state associated 
with combustion. Each chemical compound exhibits a group 
of wavelengths at which it is resonant. These wavelengths con- 
stitute the chemical’s infrared spectrum, which is usually 
unique to that chemical. 

This interrelationship between wavelength and combus- 
tion chemistry affects the relative performance of various types 
of detectors with respect to various fires. 


A-1-5.1.3 Examples of qualified personnel include individuals 
who can demonstrate experience on similar systems and have 
the following qualifications: 


(1) Factory trained and certified in fire alarm system design 
(2) National Institute of Certification in Engineering Technol- 

ogies (NICET) fire alarm certified — minimum level III 
(3) Licensed or certified by a state or local authority 


A-1-5.2.3 The term fire alarm systems includes all equipment, 
regardless of location, that requires power but does not receive 
all power directly from the main control unit. Examples of fire 
alarm equipment that require power include, but are not lim- 


ited to, the following multiple control units, remote power sup- 
plies, amplifiers, transponders, and required computer 
equipment. 


A-1-5.2.7(c) An engine-driven generator without standby bat- 
tery supplement should not be assumed to be capable of a reli- 
able power transfer within 30 seconds of a primary power loss. 


A-1-5.2.7(d) UPS equipment often contains an internal bypass 
arrangement to supply the load directly from the line. These 
internal bypass arrangements are a potential source of failure. 
UPS equipment also requires periodic maintenance. It is, 
therefore, necessary to provide a means of promptly and safely 
bypassing and isolating the UPS equipment from all power 
sources while maintaining continuity of power supply to the 
equipment normally supplied by the UPS. 


A-1-5.2.9 Rechargeable-Type Batteries, or Storage Batter- 
ies. The following newer types of rechargeable batteries are 
normally used in protected premises applications. 


(a) Vented Lead-Acid, Gelled, or Starved Electrolyte Battery. This 
rechargeable-type battery is generally used in place of primary 
batteries in applications that have a relatively high current 
drain or that require the extended standby capability of much 
lower currents. The nominal voltage of a single cell is 2 volts, 
and the battery is available in multiples of 2 volts (e.g., 2, 4, 6, 
12). Batteries should be stored according to the manufac- 
turer’s recommendations. 


(b) Nickel-Cadmium Battery. The sealed-type nickel-cad- 
mium battery generally used in applications where the battery 
current drain during a power outage is low to moderate (typi- 
cally up to a few hundred milliamperes) and is fairly constant. 
Nickel-cadmium batteries are also available in much larger 
capacities for other applications. The nominal voltage per cell 
is 1.42 volts, with batteries available in multiples of 1.42 (e.g., 
12.78, 25.56). Batteries in storage can be stored in any state of 
charge for indefinite periods. However, a battery in storage 
will lose capacity (will self-discharge), depending on storage 
time and temperature. Typically, batteries stored for more 
than 1 month require an 8-hour to 14-hour charge period to 
restore capacity. In service, the battery should receive a contin- 
uous, constant-charging current that is sufficient to keep it 
fully charged. (Typically, the charge rate equals !/j9 to !/o9 of 
the ampere-hour rating of the battery.) Because batteries are 
made up of individual cells connected in series, the possibility 
exists that, during deep discharge, one or more cells that are 
low in capacity will reach complete discharge prior to other 
cells. The cells with remaining life tend to charge the depleted 
cells, causing a polarity reversal resulting in permanent bat- 
tery damage. This condition can be determined by measuring 
the open cell voltage of a fully charged battery (voltage should 
be a minimum of 1.28 volts per cell multiplied by the number 
of cells). Voltage depression effect is a minor change in dis- 
charge voltage level caused by constant current charging 
below the system discharge rate. 

In some applications of nickel-cadmium batteries, for 
example, battery-powered shavers, a memory characteristic 
also exists. Specifically, if the battery is discharged daily for 
1 minute, followed by a recharge, operation for 5 minutes 
will not result in the rated ampere-hour output because the 
battery has developed a 1-minute discharge memory. 

(c) Sealed Lead-Acid Battery. In a sealed lead-acid battery, 
the electrolyte is totally absorbed by the separators, and no 
venting normally occurs. Gas evolved during recharge is inter- 
nally recombined, resulting in minimal loss of capacity life. A 
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high-pressure vent, however, is provided to avoid damage 
under abnormal conditions. 


A-1-5.2.9.2.3 Batteries are trickle-charged if they are off-line 
and waiting to be put under load in the event of a loss of 
power. 

Float-charged batteries are fully charged and connected 
across the output of the rectifiers to smooth the output and to 
serve as a standby source of power in the event of a loss of line 
power. 


A-1-5.4.1.2 It is not the intent of this paragraph to dictate the 
time frame for the local fire safety devices to complete their 
function, such as fan wind-down time, door closure time, or 
elevator travel time. 


A-1-5.4.2.1 Coded Alarm Signal Designations. The recommen- 
ded coded signal designations for buildings that have four floors 
and multiple basements are provided in Table A-1-5.4.2.1. 


Table A-1-5.4.2.1 Recommended Coded Signal Designations 


Location Coded Signal 
Fourth floor 2-4 
Third floor 2-3 
Second floor 2-2 
First floor 2-1 
Basement 3-1 
Sub-basement 3-2 


A-1-5.4.2.2 Actuation of an initiating device is usually the 
instant at which a complete digital signal is achieved at the 
device, such as a contact closure. For smoke detectors or other 
automatic initiating devices, which may involve signal process- 
ing and analysis of the signature of fire phenomena, actuation 
means the instant when the signal analysis requirements are 
completed by the device or control unit software. 

A separate control unit contemplates a network of control 
units forming a single large system as defined in Section 3-8. 

For some analog initiating devices, actuation is the 
moment that the fire alarm control unit interprets that the sig- 
nal from an initiating device has exceeded the alarm thresh- 
old programmed into the control unit. 

For smoke detectors working on a system with alarm verifi- 
cation, where the verification function is performed in the fire 
alarm control unit, the moment of actuation of smoke detec- 
tors is sometimes determined by the fire alarm control unit. 


A-1-5.4.5.2 The operability of controlled mechanical equip- 
ment (e.g., smoke and fire dampers, elevator recall arrange- 
ments, and door holders) should be verified by periodic 
testing. Failure to test and properly maintain controlled 
mechanical equipment can result in operational failure dur- 
ing an emergency, with potential consequences up to and 
including loss of life. 


A-1-5.4.6.3.3 The purposes for automatic trouble re-sound is 
to remind owners, or those responsible for the system, that the 
system remains in a fault condition. A secondary benefit is to 
possibly alert occupants of the building that the fire alarm sys- 
tem is in a fault condition. 
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A-1-5.4.6.3.4 In large, campus-style arrangements with propri- 
etary supervising stations monitoring protected premises sys- 
tems, and in other situations where off-premises monitoring 
achieves the desired result, the authority having jurisdiction is 
permitted to allow the re-sound to occur only at the supervis- 
ing station. Approval by the authority having jurisdiction is 
required so it can consider all fire safety issues and make a 
determination that there are procedures in place to ensure 
that the intent is met, in other words, someone is available to 
take action to correct the problem. 


A-1-5.4.7(b) A valve supervisory, low-pressure switch or other 
device intended to cause a supervisory signal when actuated 
should not be connected in series with the end-of-line supervi- 
sory device of initiating device circuits, unless a distinctive sig- 
nal, different from a trouble signal, is indicated. 


A-1-5.4.10 A system provided with an alarm verification fea- 
ture as permitted by 3-8.3.2.3.1 is not considered a presignal 
system, since the delay in the signal produced is 60 seconds or 
less and requires no human intervention. 


A-1-5.4.11.4 The bypass means is intended to enable auto- 
matic or manual day and night and weekend operation. 


A-1-5.5.1(1) The requirement of 1-5.5.1(1) does not preclude 
transfer to secondary supply at less than 85 percent of nominal 
primary voltage, provided the requirements of 1-5.2.5 are met. 


A-1-5.5.2.1 Fire alarm specifications can include some or all of 
the following: 


(1) Address of the protected premises 

(2) Owner of the protected premises 

(3) Authority having jurisdiction 

(4) Applicable codes, standards, and other design criteria to 
which the system is required to comply 

(5) Type of building construction and occupancy 

(6) Fire department response point(s) and annunciator loca- 
tion (s) 

(7) Type of fire alarm system to be provided 

(8) Calculations, for example, secondary supply and voltage 
drop calculations 

(9) Type(s) of fire alarm-initiating devices, supervisory 
alarm-initiating devices, and evacuation notification 
appliances to be provided 

(10) Intended area(s) of coverage 

(11) Complete list of detection, evacuation signaling, and 
annunciator zones 

(12) Complete list of fire safety control functions 

(13) Complete sequence of operations detailing all inputs and 
outputs 


A-1-5.5.4 The installation of all fire alarm system wiring 
should take into account the fire alarm system manufacturer’s 
published installation instructions and the limitations of the 
applicable product listings or approvals. 


A-1-5.6 The intent of 1-5.6 is to have the fire alarm system 
respond before it is incapacitated by fire. There have been sev- 
eral fatal fires where the origin and path of the fire resulted in 
destruction of the control unit before a detector responded. 


CAUTION 


The exception to 1-5.6 permits use of a heat detector if 
ambient conditions are not suitable for smoke detec- 
tion. It is important to also evaluate whether the area is 
suitable for the control unit. 
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The code intends that only one smoke detector is required 
at the control unit even when the area of the room would 
require more than one detector if installed according to the 
spacing rules in Chapter 2. 


A-1-5.7.1.2 Fire alarm system annunciation should, as a mini- 
mum, be sufficiently specific to identify the origin of a fire 
alarm signal in accordance with the following. 


(a) Ifa floor exceeds 20,000 ft? (1860 m2) in area, the floor 
should be subdivided into detection zones of 20,000 ft? (1860 m?) 
or less, consistent with the existing smoke and fire barriers on the 
floor. 

(b) If a floor exceeds 20,000 ft? (1860 m?) in area and is 
undivided by smoke or fire barriers, detection zoning should 
be determined on a case-by-case basis in consultation with the 
authority having jurisdiction. 

(c) Waterflow switches on sprinkler systems that serve mul- 
tiple floors, areas exceeding 20,000 ft? (1860 m?), or areas 
inconsistent with the established detection system zoning 
should be annunciated individually. 

(d) In-duct smoke detectors on air-handling systems that 
serve multiple floors, areas exceeding 20,000 ft? (1860 m?), or 
areas inconsistent with the established detection system zon- 
ing should be annunciated individually. 

(e) Ifa floor area exceeds 20,000 ft? (1860 m2), additional 
zoning should be provided. The length of any zone should not 
exceed 300 ft (91 m) in any direction. If the building is pro- 
vided with automatic sprinklers throughout, the area of the 
alarm zone should be permitted to coincide with the allowable 
area of the sprinkler zone. 


A-1-5.8.1 The provision of a double loop or other multiple 
path conductor or circuit to avoid electrical monitoring is not 
acceptable. 


A-1-5.8.1 Exception No. 7 This code does not have jurisdic- 
tion over the monitoring integrity of conductors within equip- 
ment, devices, or appliances. 


A-1-5.8.6.1 Backup amplifying and evacuation signal-generat- 
ing equipment is recommended with automatic transfer upon 
primary equipment failure to ensure prompt restoration of 
service in the event of equipment failure. 


A-1-5.8.7.2 Because digital alarm communicator systems 
establish communications channels between the protected 
premises and the central station via the public switched tele- 
phone network, the requirement to supervise circuits between 
the protected premises and the central station (refer to 1-5.8.1) 
is considered to be met if the communications channel is peri- 
odically tested in accordance with 5-5.3.2.1.10. 


A-1-6.1.3 Protected premises fire alarm systems are often 
installed under construction or remodeling contracts and sub- 
sequently connected to a supervising station fire alarm system 
under a separate contract. All contractors should complete 
the portions of the record of completion form for the portions 


of the connected systems for which they are responsible. Sev- 
eral partially completed forms might be accepted by the 
authority having jurisdiction provided that all portions of the 
connected systems are covered in the set of forms. 


A-1-6.2.1 The requirements of Chapter 7 should be used to 
perform the installation wiring and operational acceptance 
tests required when completing the record of completion. 

The record of completion form shall be permitted to be 
used to record decisions reached prior to installation regard- 
ing intended system type(s), circuit designations, device types, 
notification appliance type, power sources, and the means of 
transmission to the supervising station. 


A-1-6.2.2(1) The owner’s manual should include the follow- 
ing: 

(a) A detailed narrative description of the system inputs, 
evacuation signaling, ancillary functions, annunciation, intended 
sequence of operations, expansion capability, application consid- 
erations, and limitations 

(b) Operator instructions for basic system operations, 
including alarm acknowledgment, system reset, interpretation 
of system output (LEDs, CRT display, and printout), operation 
of manual evacuation signaling and ancillary function con- 
trols, and change of printer paper 

(c) A detailed description of routine maintenance and 
testing as required and recommended and as would be pro- 
vided under a maintenance contract, including testing and 
maintenance instructions for each type of device installed. 
This information should include the following: 


(1) Listing of the individual system components that require 
periodic testing and maintenance 

(2) Step-by-step instructions detailing the requisite testing 
and maintenance procedures, and the intervals at which 
these procedures shall be performed, for each type of 
device installed 

(3) A schedule that correlates the testing and maintenance 
procedures recommended by A-1-6.2.2(c)(2) with the 
listing recommended by A-1-6.2.2(c) (1) 

(d) Detailed troubleshooting instructions for each trouble 
condition generated from the monitored field wiring, includ- 
ing opens, grounds, and loop failures [These instructions 
should include a list of all trouble signals annunciated by the 
system, a description of the condition(s) that causes such trou- 
ble signals, and step-by-step instructions describing how to iso- 
late such problems and correct them (or how to call for 
service, as appropriate). ] 

(e) A service directory, including a list of names and tele- 
phone numbers of those who provide service for the system 


A-2-1.3.4 The monitoring of circuit integrity relies on the 
interruption of the wiring continuity when the connection to 
the initiating device is lost. Terminals and leads, as illustrated 
in Figures A-2-1.3.4(a) and (b) monitor the presence of the 
device on the initiating device circuit. 
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Figure A-2-1.3.4(a) Correct wiring methods — four-wire detectors with separate power supply. 


Single terminal 


Duplicate Pena notched clamping plate Duplicate 


End-of-line 
resistor 


Control unit 
initiating 
device 
circuit 


Splices 


Correct wiring method — two-wire detectors 


End-of-line 


O 
Control unit resistor 


initiating 
device 
circuit 


Circuit wiring One splice lead Circuit wire bent Circuit wire looped 
looped under connected, other back on itself and under terminal; 
one terminal taped and not used secured in one notch wire run not broken 


Incorrect wiring method — two-wire detectors 


iQ 


In Out In Out == 
In Out 


Incorrect Correct — separate incoming and outgoing conductors 


Figure A-2-1.3.4(b) Wiring arrangements for three- and four-wire detectors. 


End-of-line 
Control unit device 
initiating 
device 
circuit 


Outgoing power Power supervisory 
supply leads relay 


Incoming power 
supply leads 


Illustrates four-wire smoke detector employing a three-wire connecting arrangement. One side of power supply is connected to one side of initiating 
device circuit. Wire run broken at each connection to smoke detector to provide supervision. 


: x cs 4 End-of-line 
Control unit device 
initiating D Dp °-M—* Dp 
device o-———“0 
circuit Q p 
Outgoing power Power supervisory 
supply leads relay 


Incoming power 
supply leads 


Illustrates four-wire smoke detector employing a four-wire connecting arrangement. Incoming and outgoing leads or terminals for both initiating 
device and power supply connections. Wire run broken at each connection to provide supervision. 


D = Detector 
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A-2-1.4.2 The requirement of 2-1.4.2 recognizes that there are 
several different types of detector coverage. 


A-2-1.4.2.2 If there are no detectors in the room or area of fire 
origin, the fire could exceed the design objectives before 
being detected by remotely located detectors. 


A-2-1.4.2.3 If there are no detectors in the room or area of fire 
origin, the fire could exceed the design objectives before 
being detected by remotely located detectors. 


A-2-1.4.2.4 The requirement of 2-1.4.2.4 recognizes there will 
be instances where, for example, a facility owner would want 
to apply detection to meet certain performance goals and to 
address a particular hazard or need, but that detection is not 
required. Once installed, of course, acceptance testing, 
annual testing, and ongoing maintenance in accordance with 
this code is anticipated. 


A-2-2.1.2 The linear space rating is the maximum allowable 
distance between heat detectors. The linear space rating is 
also a measure of the heat detector response time to a stan- 
dard test fire where tested at the same distance. The higher 
the rating, the faster the response time. This code recognizes 
only those heat detectors with ratings of 50 ft (15 m) or more. 


A-2-2.1.3 In order to predict the response of a heat detector 
using current fire modeling programs and currently pub- 
lished equations describing plume dynamics, two parameters 
must be known: operating temperature and thermal response 
coefficient. The thermal response coefficient is the quantifica- 
tion of the rate of heat transfer from the ceiling jet to the 
detector sensing element per unit of time, expressed as a func- 
tion of ceiling jet temperature, ceiling jet velocity, and time. 
Response time index is a commonly used thermal response 
coefficient for sprinklers. 


A-2-2.2.1 Figure A-2-2.2.1 illustrates the proper mounting 
placement for detectors. 


Figure A-2-2.2.1 Example of proper mounting for detectors. 


Ceiling 
4-in. 
Acceptable here (0.1-m) 
J minimum 
Never here 
Top of detector yes, 
acceptable here (0:3-m) 
P maximum 
Note: 
Measurements shown are to the 
closest edge of the detector —> 
Sidewall 


A-2-2.3 Detectors should be selected to minimize this tempera- 
ture difference in order to minimize response time. However, a 
heat detector with a temperature rating that is somewhat in 
excess of the highest normally expected ambient temperature 
is specified in order to avoid the possibility of premature opera- 
tion of the heat detector to non-fire conditions. 


A-2-2.4 In addition to the special requirements for heat detec- 
tors that are installed on ceilings with exposed joists, reduced 
spacing also might be required due to other structural charac- 
teristics of the protected area, such as possible drafts or other 
conditions that could affect detector operation. 


A-2-2.4.1 Maximum linear spacings on smooth ceilings for 
spot-type heat detectors are determined by full-scale fire tests. 
[See Figure A-2-2.4.1(c).] These tests assume that the detectors 
are to be installed in a pattern of one or more squares, each 
side of which equals the maximum spacing as determined in 
the test, as illustrated in Figure A-2-2.4.1(a). The detector to 
be tested is placed at a corner of the square so that it is posi- 
tioned at the farthest possible distance from the fire while 
remaining within the square. Thus, the distance from the 
detector to the fire is always the test spacing multiplied by 0.7 
and can be calculated as shown in Table A-2-2.4.1. 


Table A-2-2.4.1 Test Spacing for Spot-Type Heat Detectors 


Maximum Test Distance from 


Test Spacing Fire to Detector (0.7 x D) 
ft m ft m 
50x50 15.24 x 15.24 35.0 10.67 
40 x 40 12.19 x 12.19 28.0 8.53 
30 x 30 9.10 x 9.10 21.0 6.40 
25 x 25 7.62 x 7.62 17.5 5.33 
20 x 20 6.10 x 6.10 14.0 4.27 
15x15 4.57 x 4.57 10.5 3.20 


Once the correct maximum test distance has been deter- 
mined, it is valid to interchange the positions of the fire and 
the detector. The detector is now in the middle of the square, 
and the listing specifies that the detector is adequate to detect 
a fire that occurs anywhere within that square — even out to 
the farthest corner. 

In laying out detector installations, designers work in terms 
of rectangles, as building areas are generally rectangular in 
shape. The pattern of heat spread from a fire source, however, 
is not rectangular in shape. On a smooth ceiling, heat spreads 
out in all directions in an ever-expanding circle. Thus, the cov- 
erage of a detector is not, in fact, a square, but rather a circle 
whose radius is the linear spacing multiplied by 0.7. [See also 
Figure A-2-2.4.1(b).] 

This is graphically illustrated in Figure A-2-2.4.1(d). With 
the detector at the center, by rotating the square, an infinite 
number of squares can be laid out, the corners of which create 
the plot of a circle whose radius is 0.7 times the listed spacing. 
The detector will cover any of these squares and, conse- 
quently, any point within the confines of the circle. 
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So far this explanation has considered squares and circles. 
In practical applications, very few areas turn out to be exactly 
square, and circular areas are extremely rare. Designers deal 
generally with rectangles of odd dimensions and corners of 
rooms or areas formed by wall intercepts, where spacing to 
one wall is less than one-half the listed spacing. To simplify the 
rest of this explanation, the use of a detector with a listed spac- 
ing of 30 ft x 30 ft (9.1 m x 9.1 m) should be considered. The 
principles derived are equally applicable to other types. 


Figure A-2-2.4.1 (f) illustrates the derivation of this concept. 
In Figure A-2-2.4.1(f), a detector is placed in the center of a 
circle with a radius of 21 ft (0.7 x 30 ft) [6.4 m (0.7 x 9.1 m)]. 
A series of rectangles with one dimension less than the permit- 
ted maximum of 30 ft (9.1 m) is constructed within the circle. 
The following conclusions can be drawn. 


(a) As the smaller dimension decreases, the longer dimen- 
sion can be increased beyond the linear maximum spacing of 
the detector with no loss in detection efficiency. 


(b) Asingle detector covers any area that fits within the cir- 
cle. For a rectangle, a single, properly located detector may be 
permitted, provided the diagonal of the rectangle does not 
exceed the diameter of the circle. 


(c) Relative detector efficiency actually is increased, 
because the area coverage in square feet is always less than the 
900 ft? (83.6 m?) permitted if the full 30 ft x 30 ft (9.1 m x 9.1 
m) square were to be utilized. The principle illustrated here 
allows equal linear spacing between the detector and the fire, 
with no recognition for the effect of reflection from walls or 
partitions, which in narrow rooms or corridors is of additional 
benefit. For detectors that are not centered, the longer dimen- 
sion should always be used in laying out the radius of coverage. 


Areas so large that they exceed the rectangular dimensions 
given in Figure A-2-2.4.1(f) require additional detectors. 
Often proper placement of detectors can be facilitated by 
breaking down the area into multiple rectangles of the dimen- 
sions that fit most appropriately. For example, refer to Figure 
A-2-2.4.1(e). A corridor 10 ft (3 m) wide and up to 82 ft (25 m) 
long can be covered with two 30-ft (9.1-m) spot-type detectors. 
An area 40 ft (12.2 m) wide and up to 74 ft (22.6 m) long can 
be covered with four spot-type detectors. Irregular areas need 
more careful planning to make certain that no spot on the 
ceiling is more than 21 ft (6.4 m) away from a detector. These 
points can be determined by striking arcs from the remote cor- 
ner. Where any part of the area lies beyond the circle with a 
radius of 0.7 times the listed spacings, additional detectors are 
required. 
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Figure A-2-2.4.1(a) Spot-type heat detectors. 
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Figure A-2-2.4.1(b) Line-type detectors — spacing layouts, smooth 
ceiling. 
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Figure A-2-2.4.1(c) Fire test layout. 
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Figure A-2-2.4.1(d) Detector covering any square laid out in the con- 
fines of a circle in which the radius is 0.7 times the listed spacing. 
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Figure A-2.2.4.1(e) Typical rectangles for detector curves of 15 ft to 


50 ft (4.57 m to 15.24 m). 


30 
25 x 25 
20 
20k 20 x 20 20 20 x 29.1 
15x15 15 x 23.9 15 x 32 
10 10 x 18.7 10 10x 26.4 10 10 x 33.9 
5 x 20.6 5 x 27.8 5x35 
0 21.2 0 28.3 0 35.4 
15 25 20 30 25 35 


15-ft Detector curve 20-ft Detector curve 


25-ft Detector curve 


40 40 
30.30 x 30 30 
25 x 34.2 25 x 66.1 

20 20 x 37.9 20 20 20 x 67.8 

15 x 40.9 15 x 69.1 
10 10x 41.2 40 10 10 x 70 

5 x 42.1 5 x 70.5 
0) 424 0 0 70.7 
30 40 40 50 50 60 70 


30-ft Detector curve 


40-ft Detector curve 


50-ft Detector curve 


Figure A-2-2.4.1(f) Detector spacing, rectangular areas. 
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(6.1 mx 11.3 m = 68.8 m2) 
(7.6 m x 10.4 m = 78.9 m?) 
(9.1 mx 9.1 m = 83.6 m?) 
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A-2-2.4.1.2 Figure A-2-2.4.1.2 illustrates smoke or heat detec- 
tor spacing layouts in irregular areas. 


Figure A-2-2.4.1.2 Smoke or heat detector spacing layout in irregular 
areas. 
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A-2-2.4.3 The location and spacing of heat detectors should 
consider beam depth, ceiling height, beam spacing, and fire 
size. 


If the ratio of beam depth (D) to ceiling height (H), (D/H), 
is greater than 0.10 and the ratio of beam spacing (W) to ceil- 
ing height (H), (W/#H), is greater than 0.40, heat detectors 
should be located in each beam pocket. 


If either the ratio of beam depth to ceiling height (D/H) is 
less than 0.10 or the ratio of beam spacing to ceiling height 
(W/H) is less than 0.40, heat detectors should be installed on 
the bottom of the beams. 


A-2-2.4.4.1 Figure A-2-2.4.4.1 illustrates smoke or heat detec- 
tor spacing for peaked-type sloped ceilings. 


1999 Edition 


A-2-2.4.4.2 Figure A-2-2.4.4.2 illustrates smoke or heat detec- 
tor spacing for shed-type sloped ceilings. 


A-2-2.4.5.1 Both 2-2.4.5.1 and Table 2-2.4.5.1 are constructed 
to provide detector performance on higher ceilings [to 30 ft 
(9.1 m) high] that is essentially equivalent to that which would 
exist with detectors on a 10-ft (3-m) ceiling. 

The Fire Detection Institute Fire Test Report (refer to Appen- 
dix C)is used as a basis for Table 2-2.4.5.1. The report does not 
include data on integration-type detectors. Pending develop- 
ment of such data, the manufacturer’s recommendations will 
provide guidance. (Refer to Figure A-2-2.4.5.1.) 

Table 2-2.4.5.1 provides for spacing modification to take 
into account different ceiling heights for generalized fire con- 
ditions. Information regarding a design method that allows 
the designer to take into account ceiling height, fire size, and 
ambient temperatures is provided in Appendix B. 


Figure A-2-2.4.4.1 Smoke or heat detector spacing layout, sloped ceil- 
ings (peaked type). 
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Figure A-2-2.4.4.2 Smoke or heat detector spacing layout, sloped ceil- 
ings (shed type). 
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Figure A-2-2.4.5.1 Detector spacing layout, solid joist construction. 
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A-2-2.4.5.2 The width of uniform temperature of the plume 
when it impinges on the ceiling is approximately 0.4 times 
the height above the fire, so reducing spacing below this level 
will not increase response time. For example, a detector with 
a listed spacing of 15 ft (4.6 m) or 225 ft? (21 m?) need not 
be spaced closer than 12 ft (3.7 m) on a 30-ft (9.1-m) ceiling, 
even though Table 2-2.4.5.1 states that the spacing should be 
0.34 x 15, which equals 5.1 ft (1.6 m). 


A-2-3.1.1 The addition of a heat detector to a smoke detector 
does not enhance its performance as an early warning device. 


A-2-3.2 The person designing an installation should keep in 
mind that in order for a smoke detector to respond the smoke 
has to travel from the point of origin to the detector. In evalu- 
ating any particular building or location, likely fire locations 
should be determined first. From each of these points of ori- 
gin, paths of smoke travel should be determined. Wherever 


practicable, actual field tests should be conducted. The most 
desired locations for smoke detectors are the common points 
of intersection of smoke travel from fire locations throughout 
the building. 


NOTE: This is one of the reasons that specific spacing is not 
assigned to smoke detectors by the testing laboratories. 


A-2-3.3 Throughout this code, smoke detector sensitivity is 
referred to in terms of the percent obscuration required to 
alarm or produce a signal. Smoke detectors are tested using 
various smoke sources that have different characteristics (for 
example, color, particle size, number of particles, particle 
shape). Unless otherwise specified, this code, the manufactur- 
ers, and the listing agencies report and use the percent obscu- 
ration produced using a specific type of gray smoke. Actual 
detector response will vary when the characteristics of the 
smoke reaching the detector is different from the smoke used 
in testing and reporting detector sensitivity. 


A-2-3.4.1 For operation, all types of smoke detectors depend 
on smoke entering the sensing chamber or light beam. If suf- 
ficient concentration is present, operation is obtained. Since 
the detectors are usually mounted on the ceiling, response 
time depends on the nature of the fire. A hot fire rapidly 
drives the smoke up to the ceiling. A smoldering fire, such as 
in a sofa, produces little heat; therefore, the time for smoke to 
reach the detector is increased. 


A-2-3.4.3 In high-ceiling areas, such as atriums, where spot- 
type smoke detectors are not accessible for periodic mainte- 
nance and testing, projected beam-type or air sampling—type 
detectors should be considered where access can be provided. 


A-2-3.4.3.2 Figure A-2-3.4.3.2 illustrates under-floor mounting 
installations. 


Figure A-2-3.4.3.2 Mounting installations permitted (top) and not permitted (bottom). 
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A-2-3.4.5.1.2 This is useful in calculating locations in corri- 
dors or irregular areas (refer to A-2-2.4.1 and Figure A-2-2.4.1.2). 
For irregularly shaped areas, the spacing between detectors 
can be greater than the selected spacing, provided the maxi- 
mum spacing from a detector to the farthest point of a sidewall 
or corner within its zone of protection is not greater than 0.7 
times the selected spacing (0.75). 


A-2-3.4.5.2 On smooth ceilings, a spacing of not more than 
60 ft (18.3 m) between projected beams and not more than 
one-half that spacing between a projected beam and a side- 
wall (wall parallel to the beam travel) should be used as a 
guide. Other spacing should be determined based on ceiling 
height, airflow characteristics, and response requirements. 

In some cases, the light beam projector is mounted on one 
end wall, with the light beam receiver mounted on the oppo- 
site wall. However, it is also permitted to suspend the projector 
and receiver from the ceiling at a distance from the end walls 
not exceeding one-quarter the selected spacing (S). (Refer to 
Figure A-2-3.4.5.2.) 


Figure A-2-3.4.5.2 Maximum distance at which ceiling-suspended 
light projector and receiver can be positioned from end wall is one- 
quarter selected spacing (S). 
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A-2-3.4.6 Detectors are placed at reduced spacings at right 
angles to joists or beams in an attempt to ensure that detection 
time is equivalent to that which would be experienced on a flat 
ceiling. It takes longer for the combustion products (smoke or 
heat) to travel at right angles to beams or joists because of the 
phenomenon wherein a plume from a relatively hot fire with 
significant thermal lift tends to fill the pocket between each 
beam or joist before moving to the next beam or joist. 

Though it is true that this phenomenon might not be sig- 
nificant in a small smoldering fire where there is only enough 
thermal lift to cause stratification at the bottom of the joists, 
reduced spacing is still recommended to ensure that detection 
time is equivalent to that which would exist on a flat ceiling, 
even in the case of a hotter type of fire. 


A-2-3.4.6.1 The spacing guidelines in 2-3.4.6.1 are based on 
a detection design fire of 100 kW. For detection at a larger 
1-MW fire and ceiling heights of 28 ft (8.53 m) or less, 
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smooth ceiling spacings should be used and the detectors 
may be located on the ceiling or the bottom of the beams. 


A-2-3.4.6.2 The spacing guidelines in 2-3.4.6.2 are based on 
a detection design fire of 100 kW. For detection at a larger 
1-MW fire, the following spacings should be used. 


(a) For beamed ceilings with beams running parallel to 
(up) the slope, with slopes 10 degrees or less, spacing for flat- 
beamed ceilings should be used. For ceilings with slopes 
greater that 10 degrees, twice the smooth ceiling spacing 
should be used in the direction parallel to (up) the slopes, and 
one-half the spacing should be used in the direction perpen- 
dicular to (across) the slope. For slopes greater than 10 
degrees, the detectors located at a distance of one-half the 
spacing from the low end are not required. Spacing should be 
measured along the horizontal projection of the ceiling. 

(b) For beamed ceilings with beams running perpendicu- 
lar to (across) the slope, for any slope, smooth ceiling spacing 
should be used in the direction parallel to the beams (across 
the slope), and one-half the smooth ceiling spacing should be 
used in the direction perpendicular to the beams (up the 
slope). 


A-2-3.4.7 Refer to Figure A-2-2.4.4.1. 
A-2-3.4.8 Refer to Figure A-2-2.4.4.2. 


A-2-3.5.1 Detectors should not be located in a direct airflow 
nor closer than 3 ft (1 m) from an air supply diffuser or return 
air opening. Supply or return sources larger than those com- 
monly found in residential and small commercial establish- 
ments can require greater clearance to smoke detectors. 
Similarly, smoke detectors should be located farther away 
from high velocity air supplies. 


A-2-3.5.2.2 Smoke might not be drawn into the duct or ple- 
nums when the ventilating system is shut down. Furthermore, 
when the ventilating system is operating, the detector(s) can 
be less responsive to a fire condition in the room of fire origin 
due to dilution by clean air. 


A-2-3.6.1.1 Product-listing standards include tests for tempo- 
rary excursions beyond normal limits. In addition to tempera- 
ture, humidity, and velocity variations, smoke detectors 
should operate reliably under such common environmental 
conditions as mechanical vibration, electrical interference, 
and other environmental influences. Tests for these condi- 
tions are also conducted by the testing laboratories in their 
listing program. In those cases in which environmental condi- 
tions approach the limits shown in Table A-2-3.6.1.1, the 
detector manufacturer should be consulted for additional 
information and recommendations. 


A-2-3.6.1.2 Smoke detectors can be affected by electrical and 
mechanical influences and by aerosols and particulate matter 
found in protected spaces. The location of detectors should be 
such that the influences of aerosols and particulate matter 
from sources such as those in Table A-2-3.6.1.2(a) are mini- 
mized. Similarly, the influences of electrical and mechanical 
factors shown in Table A-2-3.6.1.2(b) should be minimized. 
While it might not be possible to isolate environmental factors 
totally, an awareness of these factors during system layout and 
design favorably affects detector performance. 
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Table A-2-3.6.1.1 Environmental Conditions That Influence Smoke Detector Response 


Humidity >93% RH (<0°C >37.8°C) 


Temp. <32°F >100°F 
Color of Smoke 


Detection Air Velocity >300 ft Altitude >3000 ft 
Protection (>91.44 m) /min (>914.4 m) 
Ion x x 
Photo O O 
Beam O O 
Air Sampling O O 


X = Can affect detector response. 
O = Generally does not affect detector response. 


Table A-2-3.6.1.2(a) Common Sources of Aerosols and 
Particulate Matter Moisture 


x x O 


x x Xx 
x x O 
x x O 


Table A-2-3.6.1.2(a) Common Sources of Aerosols and 
Particulate Matter Moisture (Continued) 


Moisture 

Humid outside air 
Humidifiers 

Live steam 
Showers 

Slop sink 

Steam tables 


Water spray 


Combustion Products and Fumes 


Chemical fumes 

Cleaning fluids 

Cooking equipment 

Curing 

Cutting, welding, and brazing 
Dryers 

Exhaust hoods 

Fireplaces 

Machining 

Ovens 


Paint spray 


Atmospheric Contaminants 


Corrosive atmospheres 
Dust or lint 

Excessive tobacco smoke 
Heat treating 


Linen and bedding handling 


Pneumatic transport 
Sawing, drilling, and grinding 


Textile and agricultural processing 


Engine Exhaust 


Diesel trucks and locomotives 
Engines not vented to the outside 


Gasoline forklift trucks 


Heating Element with Abnormal Conditions 


Dust accumulations 
Improper exhaust 


Incomplete combustion 


Table A-2-3.6.1.2(b) Sources of Electrical and Mechanical 
Influences on Smoke Detectors 


Electrical Noise and 


Transients Airflow 
Vibration or shock Gusts 
Radiation Excessive velocity 
Radio frequency 


Intense light 
Lightning 
Electrostatic discharge 


Power supply 
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A-2-3.6.1.4 Stratification of air in a room can hinder air con- 
taining smoke particles or gaseous combustion products from 
reaching ceiling-mounted smoke detectors or fire-gas detec- 
tors. 

Stratification occurs when air containing smoke particles 
or gaseous combustion products is heated by smoldering or 
burning material and, becoming less dense than the sur- 
rounding cooler air, rises until it reaches a level at which there 
is no longer a difference in temperature between it and the 
surrounding air. 

Stratification also can occur when evaporative coolers are 
used, because moisture introduced by these devices can con- 
dense on smoke, causing it to fall toward the floor. Therefore, 
to ensure rapid response, it might be necessary to install 
smoke detectors on sidewalls or at locations below the ceiling. 

In installations where detection of smoldering or small 
fires is desired and where the possibility of stratification exists, 
consideration should be given to mounting a portion of the 
detectors below the ceiling. In high-ceiling areas, projected 
beam-type or air sampling—type detectors at different levels 
also should be considered. (Refer to Figure A-2-3.6.1.4.) 


Figure A-2-3.6.1.4 Smoke detector layout accounting for 
stratification. 
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A-2-3.6.2.2 Airflow through holes in the rear of a smoke detec- 
tor can interfere with smoke entry to the sensing chamber. 
Similarly, air from the conduit system can flow around the out- 
side edges of the detector and interfere with smoke reaching 
the sensing chamber. Additionally, holes in the rear of a detec- 
tor provide a means for entry of dust, dirt, and insects, each of 
which can adversely affect the detector’s performance. 


A-2-3.6.3.2 Where the light path of a projected beam-type 
detector is abruptly interrupted or obscured, the unit should 
not initiate an alarm. It should give a trouble signal after veri- 
fication of blockage. 


A-2-3.6.4.1 A single-pipe network has a shorter transport time 
than a multiple-pipe network of similar length pipe; however, 
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a multiple-pipe system provides a faster smoke transport time 
than a single-pipe system of the same total length. As the num- 
ber of sampling holes in a pipe increases, the smoke transport 
time increases. Where practicable, pipe run lengths in a mul- 
tiple-pipe system should be nearly equal, or the system should 
be otherwise pneumatically balanced. 


A-2-3.6.4.2 The air sampling—type detector system should be 
able to withstand dusty environments by either air filtering or 
electronic discrimination of particle size. The detector should 
be capable of providing optimal time delays of alarm outputs 
to eliminate nuisance alarms due to transient smoke condi- 
tions. The detector should also provide facilities for the con- 
nection of monitoring equipment for the recording of 
background smoke level information necessary in setting alert 
and alarm levels and delays. 


A-2-3.6.5 For the most effective detection of fire in high-rack 
storage areas, detectors should be located on the ceiling 
above each aisle and at intermediate levels in the racks. This 
is necessary to detect smoke that is trapped in the racks at an 
early stage of fire development when insufficient thermal 
energy is released to carry the smoke to the ceiling. Earliest 
detection of smoke is achieved by locating the intermediate 
level detectors adjacent to alternate pallet sections as shown 
in Figures A-2-3.6.5(a) and (b). The detector manufacturer’s 
recommendations and engineering judgment should be fol- 
lowed for specific installations. 


A projected beam-type detector can be permitted to be 
used in lieu of a single row of individual spot-type smoke 
detectors. 


Sampling ports of an air sampling—-type detector can be 
permitted to be located above each aisle to provide coverage 
that is equivalent to the location of spot-type detectors. The 
manufacturer’s recommendations and engineering judgment 
should be followed for the specific installation. 


A-2-3.6.6.3 Smoke detector spacing depends on the move- 
ment of air within the room. 


A-2-4.1 For the purpose of this code, radiant energy includes 
the electromagnetic radiation emitted as a by-product of the 
combustion reaction, which obeys the laws of optics. This 
includes radiation in the ultraviolet, visible, and infrared por- 
tions of the spectrum emitted by flames or glowing embers. 
These portions of the spectrum are distinguished by wave- 
lengths as shown in Table A-2-4.1. 


Table A-2-4.1 Spectrum Wavelength Ranges 


Radiant Energy pm 
Ultraviolet 0.1-0.35 
Visible 0.36-0.75 
Infrared 0.76-220 


Conversion Factors: 1.0 um = 1000 nM = 10,000 A. 
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Figure A-2-3.6.5(a) Detector location for solid storage (closed rack) 
in which transverse and longitudinal flue spaces are irregular or non- 
existent, as for slatted or solid shelved storage. 


Elevation 


Plan 


©. Detectors on ceiling 


@ Detectors on racks 
(upper intermediate level) 


Detectors on racks 
(lower intermediate level) 


A-2-4.2 Following are operating principles for two types of 
detectors. 


(a) Flame Detectors. Ultraviolet flame detectors typically use 
a vacuum photodiode Geiger-Muller tube to detect the ultra- 
violet radiation that is produced by a flame. The photodiode 
allows a burst of current to flow for each ultraviolet photon 
that hits the active area of the tube. When the number of cur- 
rent bursts per unit time reaches a predetermined level, the 
detector initiates an alarm. 


A single wavelength infrared flame detector uses one of sev- 
eral different photocell types to detect the infrared emissions 
in a single wavelength band that are produced by a flame. 
These detectors generally include provisions to minimize 
alarms from commonly occurring infrared sources such as 
incandescent lighting or sunlight. 


An ultraviolet/infrared (UV/IR) flame detector senses 
ultraviolet radiation with a vacuum photodiode tube and a 
selected wavelength of infrared radiation with a photocell and 
uses the combined signal to indicate a fire. These detectors 
need exposure to both types of radiation before an alarm sig- 
nal can be initiated. 


Figure A-2-3.6.5(b) Detector location for palletized storage (open 
rack) or no shelved storage in which regular transverse and longitudi- 
nal flue spaces are maintained. 
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A multiple wavelength infrared (IR/IR) flame detector 
senses radiation at two or more narrow bands of wavelengths 
in the infrared spectrum. These detectors electronically com- 
pare the emissions between the bands and initiate a signal 
where the relationship between the two bands indicates a fire. 


(b) Spark/Ember Detectors. A spark/ember-sensing detector 
usually uses a solid state photodiode or phototransistor to 
sense the radiant energy emitted by embers, typically between 
0.5 microns and 2.0 microns in normally dark environments. 
These detectors can be made extremely sensitive (micro- 
watts), and their response times can be made very short 
(microseconds). 


A-2-4,.2.1 The radiant energy from a flame or spark/ember is 
comprised of emissions in various bands of the ultraviolet, vis- 
ible, and infrared portions of the spectrum. The relative quan- 
tities of radiation emitted in each part of the spectrum are 
determined by the fuel chemistry, the temperature, and the 
rate of combustion. The detector should be matched to the 
characteristics of the fire. 


Almost all materials that participate in flaming combustion 
emit ultraviolet radiation to some degree during flaming com- 
bustion, whereas only carbon-containing fuels emit significant 
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radiation at the 4.35-micron (carbon dioxide) band used by 
many detector types to detect a flame. (Refer to Figure A-2-4.2. 1.) 


Figure A-2-4.2.1 Spectrum of a typical flame (free-burning gasoline). 
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The radiant energy emitted from an ember is determined 
primarily by the fuel temperature (Planck’s Law Emissions) 
and the emissivity of the fuel. Radiant energy from an ember 
is primarily infrared and, to a lesser degree, visible in wave- 
length. In general, embers do not emit ultraviolet energy in 
significant quantities (0.1 percent of total emissions) until the 
ember achieves temperatures of 2000 K (1727°C or 3240°F). 
In most cases, the emissions are included in the band of 0.8 
microns to 2.0 microns, corresponding to temperatures of 
approximately 750°F to 1830°F (398°C to 1000°C). 

Most radiant energy detectors have some form of qualifica- 
tion circuitry within them that uses time to help distinguish 
between spurious, transient signals and legitimate fire alarms. 
These circuits become very important where the anticipated 
fire scenario and the ability of the detector to respond to that 
anticipated fire are considered. For example, a detector that 
uses an integration circuit or a timing circuit to respond to the 
flickering light from a fire might not respond well to a defla- 
gration resulting from the ignition of accumulated combusti- 
ble vapors and gases, or where the fire is a spark that is 
traveling up to 328 ft/sec (100 m/sec) past the detector. 
Under these circumstances, a detector that has a high-speed 
response capability is most appropriate. On the other hand, in 
applications where the development of the fire is slower, a 
detector that uses time for the confirmation of repetitive sig- 
nals is appropriate. Consequently, the fire growth rate should 
be considered in selecting the detector. The detector perfor- 
mance should be selected to respond to the anticipated fire. 

The radiant emissions are not the only criteria to be consid- 
ered. The medium between the anticipated fire and the detec- 
tor is also very important. Different wavelengths of radiant 
energy are absorbed with varying degrees of efficiency by 
materials that are suspended in the air or that accumulate on 
the optical surfaces of the detector. Generally, aerosols and 
surface deposits reduce the sensitivity of the detector. The 
detection technology used should take into account those nor- 
mally occurring aerosols and surface deposits to minimize the 
reduction of system response between maintenance intervals. 
It should be noted that the smoke evolved from the combus- 
tion of middle and heavy fraction petroleum distillates is 
highly absorptive in the ultraviolet end of the spectrum. If 
using this type of detection, the system should be designed to 
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minimize the effect of smoke interference on the response of 
the detection system. 

The environment and ambient conditions anticipated in 
the area to be protected impact the choice of detector. All 
detectors have limitations on the range of ambient tempera- 
tures over which they will respond, consistent with their tested 
or approved sensitivities. The designer should make certain 
that the detector is compatible with the range of ambient tem- 
peratures anticipated in the area in which it is installed. In 
addition, rain, snow, and ice attenuate both ultraviolet and 
infrared radiation to varying degrees. Where anticipated, pro- 
visions should be made to protect the detector from accumu- 
lations of these materials on its optical surfaces. 


A-2-4.2.2 Normal radiant emissions that are not from a fire 
can be present in the hazard area. When selecting a detector 
for an area other potential sources of radiant emissions should 
be evaluated. Refer to A-2-4.2.1 for additional information. 


A-2-4.3.1.1 All optical detectors respond according to the fol- 
lowing theoretical equation: 


Sz ee 
d 


where: 


= proportionality constant for the detector 
= radiant power emitted by the fire 

=  Naperian logarithm base (2.7183) 
extinction coefficient of air 

= distance between the fire and the detector 
= radiant power reaching the detector 
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The sensitivity (S) typically is measured in nanowatts. This 
equation yields a family of curves similar to the one shown in 
Figure A-2-4.3.1.1. 
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Figure A-2-4.3.1.1 Normalized fire size vs. distance. 
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The curve defines the maximum distance at which the 
detector consistently detects a fire of defined size and fuel. 
Detectors should be employed only in the shaded area above 
the curve. 

Under the best of conditions, with no atmospheric absorp- 
tion, the radiant power reaching the detector is reduced by a 
factor of 4 if the distance between the detector and the fire is 
doubled. For the consumption of the atmospheric extinction, 
the exponential term Zeta (G) is added to the equation. Zeta is 
a measure of the clarity of the air at the wavelength under con- 
sideration. Zeta is affected by humidity, dust, and any other 
contaminants in the air that are absorbent at the wavelength 
in question. Zeta generally has values between —0.001 and -0.1 
for normal ambient air. 


A-2-4.3.2.1 The following are types of application for which 
flame detectors are suitable: 


(1) High-ceiling, open-spaced buildings such as warehouses 
and aircraft hangers 

(2) Outdoor or semioutdoor areas where winds or draughts 
can prevent smoke from reaching a heat or smoke detector 

(3) Areas where rapidly developing flaming fires can occur, 
such as aircraft hangars, petrochemical production areas, 
storage and transfer areas, natural gas installations, paint 
shops, or solvent areas 

(4) Areas needing high fire risk machinery or installations, 
often coupled with an automatic gas extinguishing system 

(5) Environments that are unsuitable for other types of 
detectors 

Some extraneous sources of radiant emissions that have 
been identified as interfering with the stability of flame detec- 
tors include the following: 


(1) Sunlight 

(2) Lightning 
(3) X-rays 

(4) Gamma rays 
(5) Cosmic rays 


(6) Ultraviolet radiation from arc welding 
(7) Electromagnetic interference (EMI, RFI) 
(8) Hot objects 

(9) Artificial lighting 


A-2-4.3.2.3 The greater the angular displacement of the fire 
from the optical axis of the detector, the larger the fire must 
become before it is detected. This phenomenon establishes 
the field of view of the detector. Figure A-2-4.3.2.3 shows an 
example of the effective sensitivity versus angular displace- 
ment of a flame detector. 


Figure A-2-4.3.2.3 Normalized sensitivity vs. angular displacement. 
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A-2-4.3.2.4 Virtually all radiant energy-sensing detectors 
exhibit some kind of fuel specificity. If burned at uniform 
rates [J/sec (W)], different fuels emit different levels of radi- 
ant power in the ultraviolet, visible, and infrared portions of 
the spectrum. Under free-burn conditions, a fire of given sur- 
face area but of different fuels burns at different rates [J/sec 
(W) ] and emits varying levels of radiation in each of the major 
portions of the spectrum. Most radiant energy detectors 
designed to detect flame are qualified based on a defined fire 
under specific conditions. If employing these detectors for 
fuels other than the defined fire, the designer should make 
certain that the appropriate adjustments to the maximum dis- 
tance between the detector and the fire are made consistent 
with the fuel specificity of the detector. 


A-2-4.3.2.6 This requirement has been satisfied by the follow- 
ing means: 


(1) Lens clarity monitoring and cleaning where a contami- 
nated lens signal is rendered 

(2) Lens air purge 

The need to clean detector windows can be reduced by the 
provision of air purge devices. These devices are not fool- 
proof, however, and are not a replacement for regular inspec- 
tion and testing. Radiant energy-sensing detectors should not 
be placed in protective housings (for example, behind glass) 
to keep them clean, unless such housings are listed for the 
purpose. Some optical materials are absorptive at the wave- 
lengths used by the detector. 


A-2-4.3.3.1 Spark/ember detectors are installed primarily to 
detect sparks and embers that could, if allowed to continue to 
burn, precipitate a much larger fire or explosion. Spark/ 
ember detectors are typically mounted on some form of duct 
or conveyor, monitoring the fuel as it passes by. Usually, it is 
necessary to enclose the portion of the conveyor where the 
detectors are located, as these devices generally require a dark 
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environment. Extraneous sources of radiant emissions that 
have been identified as interfering with the stability of spark/ 
ember detectors include the following: 


(1) Ambient light 
(2) Electromagnetic interference (EMI, RFI) 
(3) Electrostatic discharge in the fuel stream 


A-2-4.3.3.2 There is a minimum ignition power (watts) for all 
combustible dusts. If the spark or ember is incapable of deliv- 
ering that quantity of power to the adjacent combustible mate- 
rial (dust), an expanding dust fire cannot occur. The 
minimum ignition power is determined by the fuel chemistry, 
fuel particle size, fuel concentration in air, and ambient con- 
ditions such as temperature and humidity. 


A-2-4.3.3.4 As the distance between the fire and the detector 
increases, the radiant power reaching the detector decreases. 
Refer to A-2-4.3.1.1 for additional information. 


A-2-4.3.3.5 The greater the angular displacement of the fire 
from the optical axis of the detector, the larger the fire must 
become before it is detected. This phenomenon establishes 
the field of view of the detector. Figure A-2-4.3.2.3 shows an 
example of the effective sensitivity versus angular displace- 
ment of a flame detector. 


A-2-4.3.3.6 This requirement has been satisfied by the follow- 
ing means: 


(1) Lens clarity monitoring and cleaning where a contami- 
nated lens signal is rendered 
(2) Lens air purge 


A-2-5.3 The performance characteristics of the detector and 
the area into which it is to be installed should be evaluated to 
minimize nuisance alarms or conditions that would interfere 
with operation. 


A-2-6.2 The waterflow device should be field adjusted so that 
an alarm is initiated no more than 90 seconds after a sustained 
flow of at least 10 gpm (40 L/min). 

Features that should be investigated to minimize alarm 
response time include the following: 


(1) Elimination of trapped air in the sprinkler system piping 
(2) Use of an excess pressure pump, 

(3) Use of pressure drop alarm-initiating devices 

(4) A combination thereof 

Care should be used when choosing waterflow alarm-initi- 
ating devices for hydraulically calculated looped systems and 
those systems using small orifice sprinklers. Such systems 
might incorporate a single point flow of significantly less than 
10 gpm (40 L/min). In such cases, additional waterflow alarm- 
initiating devices or the use of pressure drop-type waterflow 
alarm-initiating devices might be necessary. 

Care should be used when choosing waterflow alarm-initi- 
ating devices for sprinkler systems that use on-off sprinklers to 
ensure that an alarm is initiated in the event of a waterflow 
condition. On-off sprinklers open at a predetermined tem- 
perature and close when the temperature reaches a predeter- 
mined lower temperature. With certain types of fires, 
waterflow might occur in a series of short bursts of a duration 
of 10 seconds to 30 seconds each. An alarm-initiating device 
with retard might not detect waterflow under these condi- 
tions. An excess pressure system or a system that operates on 
pressure drop should be considered to facilitate waterflow 
detection on sprinkler systems that use on-off sprinklers. 
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Excess pressure systems can be used with or without alarm 
valves. The following is a description of one type of excess 
pressure system with an alarm valve. 

An excess pressure system with an alarm valve consists of an 
excess pressure pump with pressure switches to control the 
operation of the pump. The inlet of the pump is connected to 
the supply side of the alarm valve, and the outlet is connected 
to the sprinkler system. The pump control pressure switch is 
of the differential type, maintaining the sprinkler system pres- 
sure above the main pressure by a constant amount. Another 
switch monitors low sprinkler system pressure to initiate a 
supervisory signal in the event of a failure of the pump or 
other malfunction. An additional pressure switch can be used 
to stop pump operation in the event of a deficiency in water 
supply. Another pressure switch is connected to the alarm out- 
let of the alarm valve to initiate a waterflow alarm signal when 
waterflow exists. This type of system also inherently prevents 
false alarms due to water surges. The sprinkler retard chamber 
should be eliminated to enhance the detection capability of 
the system for short duration flows. 


A-2-7 Alarm initiation can be accomplished by devices that 
detect the following: 


(1) Flow of water in foam systems 

(2) Pump activation 

(3) Differential pressure 

(4) Pressure (for example, clean agent systems, carbon diox- 
ide systems, and wet/dry chemical systems) 

(5) Mechanical operation of a release mechanism 


A-2-8.2.4 It is not the intent of 2-8.2.4 to require manual fire 
alarm boxes to be attached to moveable partitions or to equip- 
ment, nor to require the installation of permanent structures 
for mounting purposes only. 


A-2-8.3 Recommended coded signal designations for build- 
ings that have four floors and multiple basements are pro- 
vided in Table A-2-8.3. 


Table A-2-8.3 Recommended Coded Signal Designations 


Location Coded Signal 
Fourth floor 2-4 
Third floor 2-3 
Second floor 2-2 
First floor 2-1 
Basement 3-1 
Sub-basement 3-2 


A-2-10 Refer to NFPA 101°, Life Safety Codé, for the definition 
of smoke compartment; NFPA 90A, Standard for the Installation of 
Air Conditioning and Ventilating Systems, for the definition of 
duct systems; and NFPA 92A, Recommended Practice for Smoke-Con- 
trol Systems, for the definition of smoke zone. 


A-2-10.1 Smoke detectors located in an open area(s) should 
be used rather than duct-type detectors because of the dilu- 
tion effect in air ducts. Active smoke management systems 
installed in accordance with NFPA 92A, Recommended Practice 
for Smoke-Control Systems, or NFPA 92B, Guide for Smoke Manage- 
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ment Systems in Malls, Atria, and Large Areas, should be con- 
trolled by total coverage open area detection. 


A-2-10.2 Dilution of smoke-laden air by clean air from other 
parts of the building or dilution by outside air intakes can 
allow high densities of smoke in a single room with no appre- 
ciable smoke in the air duct at the detector location. Smoke 
might not be drawn from open areas if air-conditioning sys- 
tems or ventilating systems are shut down. 


A-2-10.3 Smoke detectors can be applied in order to initiate 
control of smoke spread for the following purposes: 


(1) Prevention of the recirculation of dangerous quantities 
of smoke within a building 


(2) Selective operation of equipment to exhaust smoke from 
a building 

(3) Selective operation of equipment to pressurize smoke 
compartments 


(4) Operation of doors and dampers to close the openings in 
smoke compartments 


A-2-10.4.2 Smoke detectors are designed to sense the pres- 
ence of particles of combustion, but depending on the sensing 
technology and other design factors, different detectors 
respond to different types of particles. Detectors based on ion- 
ization detection technology are most responsive to smaller, 
invisible sub-micron sized particles. Detectors based on photo- 
electric technology, by contrast, are most responsive to larger 
visible particles. 


It is generally accepted that particle size distribution varies 
from sub-micron diameter particles predominant in the prox- 
imity of the flame of a flaming fire to particles one or more 
orders of magnitude larger, which are characteristic of smoke 
from a smoldering fire. The actual particle size distribution 
depends on a host of other variables including the fuel and its 
physical make-up, the availability of oxygen including air supply 
and fire gas discharge, and other ambient conditions, especially 
humidity. Moreover, the particle size distribution is not con- 
stant, but as the fire gases cool, the sub-micron particles agglom- 
erate and the very large ones precipitate. In other words, as 
smoke travels away from the fire source, the particle size distri- 
bution shows a relative decrease in smaller particles. Water 
vapor, which is abundantly present in most fires, when cooled 
sufficiently will condense to form fog particles — an effect fre- 
quently seen above tall chimneys. Because water condensation 
is basically clear in color, when it is mixed with other smoke par- 
ticles, it can be expected to lighten the color of the mixture. 


In almost every fire scenario in an air-handling system, the 
point of detection will be some distance from the fire source, 
therefore, the smoke will be cooler and more visible because 
of the growth of sub-micron particles into larger particles due 
to agglomeration and recombination. For these reasons, pho- 
toelectric detection technology has advantages over ionization 
detection technology in air duct system applications. 


A-2-10.4.2.2 Detectors listed for the air velocity present can be 
permitted to be installed at the opening where the return air 
enters the common return air system. The detectors should be 
installed up to 12 in. (0.3 m) in front of or behind the opening 
and spaced according to the following opening dimensions 
[refer to Figures A-2-10.4.2.2(a), (b), and (c)]: 


(a) Wedth. 


(1) Up to 36in. (914mm) — One detector centered in opening 


(2) Up to 72 in. (1829 mm) — Two detectors located at the 
one-quarter points of the opening 


(3) Over 72 in. (1829 mm) — One additional detector for 
each full 24 in. (610 mm) of opening 


(b) Depth. The number and spacing of the detector(s) in 
the depth (vertical) of the opening should be the same as 
those given for the width (horizontal) above. 


(c) Orientation. Detectors should be oriented in the most 
favorable position for smoke entry with respect to the direc- 
tion of airflow. The path of a projected beam-type detector 
across the return air openings should be considered equiva- 
lent in coverage to a row of individual detectors. 


Figure A-2-10.4.2.2(a) Location of a smoke detector(s) in return air 
system openings for selective operation of equipment. 
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Figure A-2-10.4.2.2(b) Location of a smoke detector(s) in return air 
systems for selective operation of equipment. 
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Figure A-2-10.4.2.2(c) Detector location in a duct that passes through 
smoke compartments not served by the duct. 
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A-2-10.5.2 If duct detectors are used to initiate the operation 
of smoke dampers, they should be located so that the detector 
is between the last inlet or outlet upstream of the damper and 
the first inlet or outlet downstream of the damper. 


In order to obtain a representative sample, stratification 
and dead air space should be avoided. Such conditions 
could be caused by return duct openings, sharp turns, or 
connections, as well as by long, uninterrupted straight runs. 
For this reason, duct smoke detectors should be located in 
the zone between 6 and 10 duct-equivalent diameters of 
straight, uninterrupted run. In return air systems, the 
requirements of 2-10.4.2.2 take precedence over these con- 
siderations. [Refer to Figures A-2-10.5.2(a), (b), and (c).] 


A-2-10.6.5.1.2 If the depth of wall section above the door is 
60 in. (1520 mm) or greater, additional detectors might be 
required as indicated by an engineering evaluation. 


A-3-2.3.3 A commonly used method of protecting against 
unauthorized changes can be described as follows (in ascend- 
ing levels of access): 


(a) Access level 1: Access by persons who have a general 
responsibility for safety supervision, who might be expected to 
investigate and initially respond to a fire alarm or trouble signal 


(b) Access level 2: Access by persons who have a specific 
responsibility for safety, and who are trained to operate the 
control unit 


(c) Access level 3: Access by persons who are trained and 
authorized to do the following: 


(1) Reconfigure the site specific data held within the control 
unit, or controlled by it 


(2) Maintain the control unit in accordance with the manu- 
facturer’s published instructions and data 


(d) Access level 4: Access by persons who are trained and 
authorized either to repair the control unit or to alter its site 
specific data or operating system program, thereby changing 
its basic mode of operation 


A-3-4.2 Class A circuits are considered to be more reliable 
than Class B circuits because they remain fully operational 
during the occurrence of a single open or a single ground 
fault, while Class B circuits remain operational only up to the 
location of an open fault. However, neither Class A nor Class 
B circuits remain operational during a wire-to-wire short. 
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Figure A-2-10.5.2(a) Pendant-mounted air duct installation. 
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Figure A-2-10.5.2(b) Typical duct detector placement. 
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Figure A-2-10.5.2(c) Inlet tube orientation. 
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For both Class A and Class B initiating device circuits, a 
wire-to-wire short is permitted to cause an alarm on the system 
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based on the rationale that a wire-to-wire short is the result of 
a double fault (for example, both circuit conductors have 
become grounded), while the code only considers the conse- 
quences of single faults. For many applications, an alarm 
caused by a wire-to-wire short is not permitted, and limitation 
to a simple Class A designation is not adequate. Introducing 
the style designation has made it possible to specify the exact 
performance required during a variety of possible fault condi- 
tions. 

Limitation to Class A and Class B circuits only poses a more 
serious problem for signaling line circuits. Though a Class A 
signaling line circuit remains fully operational during the 
occurrence of a single open or single ground fault, a wire-to- 
wire short disables the entire circuit. The risk of such a cata- 
strophic failure is unacceptable to many system designers, 
users, and authorities having jurisdiction. Once again, using 
the style designation makes it possible to specify either full sys- 
tem operation during a wire-to-wire short (Style 7) or a level of 
performance in between that ofa Style 7 and a minimum func- 
tion Class A circuit (Style 2). 

A specifier can specify a circuit as either Class A or Class B 
where system performance during wire-to-wire shorts is of no 
concern, or it can specify, by the appropriate style designation, 
where the system performance during a wire-to-wire short and 
other multiple fault conditions 7s of concern. 


A-3-4.2.2.2 A goal of 3-4.2.2.2 is to provide adequate separation 
between the outgoing and return cables. This separation is 
required to help ensure protection of the cables from physical 
damage. The recommended minimum separation to prevent 
physical damage is 1 ft (0.305 m) where the cable is installed ver- 
tically and 4 ft (1.22 m) where the cable is installed horizontally. 


A-3-5 Table 3-5 and Table 3-6 should be used as follows. 


(a) It should be determined if the initiating devices are 
directly connected as follows: 


(1) To the initiating device circuit 

(2) Toasignaling line circuit interface on a signaling line circuit 

(3) To an initiating device circuit, which in turn is connected to 
a signaling line circuit interface on a signaling line circuit 

(b) Tables 3-5 and 3-6 of signaling performance required 
should be determined. The columns marked A through Eo in 
Table 3-5, and 0.5 through 7a in Table 3-6 are arranged in 
ascending order of performance. 

(c) The prime purpose of the tables is to enable identifica- 
tion of minimum performance for styles of initiating device 
circuits and signaling line circuits. It is not the intention that 
the styles be construed as grades. That is, a Style 3 system is not 
superior to a Style 2 system, or vice versa. In fact, a particular 
style might better provide adequate and reliable signaling for 
an installation than a more complex style. 

(d) Tables 3-5 and 3-6 allow users, designers, manufactur- 
ers, and the authority having jurisdiction to identify minimum 
performance of present and future systems by determining 
the trouble and alarm signals received at the control unit for 
the specified abnormal conditions. 

(e) The number of automatic fire detectors connected to 
an initiating device circuit is limited by good engineering 
practice and the listing of the detectors. If a large number of 
detectors are connected to an initiating device circuit, locat- 
ing the detector in alarm or locating a faulty detector becomes 
difficult and time consuming. 

On certain types of detectors, a trouble signal results from 
faults in the detector. When this occurs where there are large 


numbers of detectors on an initiating device circuit, locating 
the faulty detector also becomes difficult and time consuming. 


A-3-6 Refer to A-3-5. 


A-3-8.1 This code addresses field installations that interconnect 
two or more listed control units, possibly from different manufac- 
turers, that together fulfill the requirements of this code. 


Such an arrangement should preserve the reliability, ade- 
quacy, and integrity of all alarm, supervisory, and trouble sig- 
nals and interconnecting circuits intended to be in accordance 
with the provisions of this code. 


Where interconnected control units are in separate buildings, 
consideration should be given to protecting the interconnecting 
wiring from electrical and radio frequency interference. 


A-3-8.2.1 The provisions of 3-8.2.1 apply to the types of equip- 
ment used in common for fire alarm systems, such as fire alarm, 
sprinkler supervisory, or guard’s tour service, and for other sys- 
tems, such as burglar alarm or coded paging systems, and to 
methods of circuit wiring common to both types of systems. 


A-3-8.2.4 Exception No. 1 If the building paging system can 
be controlled by personnel at the fire command center, and if 
permitted by the authority having jurisdiction, the building 
paging system can be used as a supplementary notification sys- 
tem to provide selective and all-call fire alarm evacuation voice 
messages and messages for occupants to relocate to safe areas 
in a building. 


A-3-8.2.4 Exception No. 2 An emergency voice/alarm com- 
munications system can be used for nonemergency purposes 
provided the performance and supervision requirements of 
an emergency voice/alarm communications system are still 
complied with. The building operator, system designer, and 
authority having jurisdiction should be aware that in some sit- 
uations such a system could be subject to deliberate tamper- 
ing. Tampering is usually attempted to reduce the output of a 
sound system that is in constant use as a music or paging sys- 
tem and is a source of annoyance to employees. The likeli- 
hood of tampering can be reduced through proper 
consideration of loudspeaker accessibility and system opera- 
tion. Access can be reduced through the use of hidden or non- 
adjustable transformer taps (which can reduce playback 
levels), use of vandal resistant listed loudspeakers, and place- 
ment in areas that are difficult to access, such as high ceilings 
(any ceiling higher than could be reached by standing on a 
desk or chair). Nonemergency operation of the system should 
always consider that an audio system that annoys an employee 
potentially reduces employee productivity and can also annoy 
the public in a commercial environment. Most motivations for 
tampering can be eliminated through appropriate use of the 
system and employee discipline. Access to amplification 
equipment and controls should be limited to those in author- 
ity to make adjustments to such equipment. It is common 
practice to install such equipment in a manner that allows 
adjustment of nonemergency audio signal levels while default- 
ing to a fixed, preset level of playback when operating in emer- 
gency mode. Under extreme circumstances, certain zones of a 
protected area might require a dedicated emergency voice/ 
alarm communications zone. 


A-3-8.3.2.3.1 The alarm verification feature should not be 
used as a substitute for proper detector location/applications 
or regular system maintenance. Alarm verification features are 
intended to reduce the frequency of false alarms caused by 
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transient conditions. They are not intended to compensate for 
design errors or lack of maintenance. 


A-3-8.3.3.1.2. Supervisory systems are not intended to provide 
indication of design, installation, or functional defects in the 
supervised systems or system components and are not a substi- 
tute for regular testing of those systems in accordance with the 
applicable standard. 

Supervised conditions should include, but should not be 
limited to the following: 


(1) Size of control valves [11/9 in. (38.1 mm) or larger] 

(2) Pressure, including dry-pipe system air, pressure tank air, 
pre-action system supervisory air, steam for flooding sys- 
tems, and public water 

(3) Water tanks, including water level and temperature 

(4) Building temperature, including areas such as valve 
closet and fire pump house 

(5) Electric fire pumps, including running (alarm or supervi- 
sory), power failure, and phase reversal 

(6) Engine-driven fire pumps, including running (alarm or 
supervisory), failure to start, controller off “automatic,” 
and trouble (for example, low oil, high temperature, 
overspeed) 

(7) Steam turbine fire pumps, including running (alarm or 
supervisory), steam pressure, and steam control valves 

(8) Fire suppression systems appropriate to the system 
employed 


A-3-8.3.3.1.3, Cancellation of the off-normal signal can be per- 
mitted as a restoration signal, unless separate recording of all 
changes of state is a specific requirement. (Refer to Chapter 5.) 


A-3-8.3.3.3.2 Sealing or locking such a valve in the open posi- 
tion, or removing the handle from the valve, does not meet 
the intent of the supervision requirement. 


A-3-8.4.1.1.3 Paragraph 3-8.4.1.1.3 requires that the equip- 
ment used operate in a certain manner during fault condi- 
tions. For example, it is necessary that a fault such as a short 
circuit does not open a fuse or damage components common 
to other circuits. 


A-3-8.4.1.1.4 Paragraph 3-8.4.1.1.4 requires the protection of 
circuits as they pass through fire areas other than the one 
served. This is to delay possible damage to the circuits from 
fires in areas other than those served by the circuits. This is 
done to increase the likelihood that circuits serving areas 
remote from the original fire will have the opportunity to be 
activated and serve their purpose. Note that the protection 
requirement would also apply to a signaling line circuit that 
extends from a master fire alarm control unit to another 
remote fire alarm control unit where notification appliance 
circuits might originate. 


A-3-8.4.1.2 Paragraph 1-5.4.7 requires that fire alarm signals be 
distinctive in sound from other signals and that this sound not 
be used for any other purpose. The use of the distinctive three- 
pulse temporal pattern fire alarm evacuation signal required by 
3-8.4.1.2.2 became effective July 1, 1996, for new systems 
installed after that date. It had been previously recommended 
for this purpose by this code since 1979. It has since been 
adopted as both an American National Standard (ANSI S3.41, 
Audible Emergency Evacuation Signal) and an International Stan- 
dard (ISO 8201, Audible Emergency Evacuation Signal) . 

Copies of both of these standards are available from the 
Standards Secretariat, Acoustical Society of America, 335 East 
45th Street, New York, NY 10017-3483. 
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The standard fire alarm evacuation signal is a three-pulse 
temporal pattern using any appropriate sound. The pattern 
consists of the following in this order: 


(a) An on phase lasting 0.5 seconds + 10 percent 


(b) An off phase lasting 0.5 seconds + 10 percent, for three 
successive on periods 


(c) An off phase lasting 1.5 seconds + 10 percent [refer to 
Figures A-3-8.4.1.2(a) and A-3-8.4.1.2(b)]. The signal should be 
repeated for a period that is appropriate for the purposes of 
evacuation of the building, but for not less than 180 seconds. 
A single-stroke bell or chime sounded at “on” intervals last- 
ing 1 second + 10 percent, with a 2-second + 10 percent “off” 
interval after each third “on” stroke, is permitted [refer to Fig- 
ure A-3-8.4.1.2(c)]. 


The minimum repetition time is permitted to be manually 
interrupted. 


Figure A-3-8.4.1.2(a) Temporal pattern parameters. 
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Key: 

Phase (a) signal is on for 0.5 sec + 10% 

Phase (b) signal is off for 0.5 sec + 10% 

Phase (c) signal is off for 1.5 sec + 10% [(c) = (a) + 2(b)] 
Total cycle lasts for 4 sec + 10% 


Figure A-3-8.4.1.2(b) Temporal pattern imposed on audible notifica- 
tion appliances that otherwise emit a continuous signal while energized. 
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Figure A-3-8.4.1.2(c) Temporal pattern imposed on a single-stroke 
bell or chime. 
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A-3-8.4.1.2.3 Coordination or synchronization of the audible 
signal within a notification zone is needed to preserve the tem- 
poral pattern. It is unlikely that the audible signal in one evac- 
uation/notification zone will be heard in another at a level 
that will destroy the temporal pattern. Thus, it would not nor- 
mally be necessary to provide coordination/synchronization 
for an entire system. Caution should be used in spaces such as 
atriums where the sounds produced in one notification zone 
can be sufficient to cause confusion regarding the temporal 
pattern. 
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A-3-8.4.1.3.5.1 It is not the intention that emergency voice/ 
alarm communications service be limited to English-speaking 
populations. Emergency messages should be provided in the 
language of the predominant building population. If there is 
a possibility of isolated groups that do not speak the predomi- 
nant language, multilingual messages should be provided. It is 
expected that small groups of transients unfamiliar with the 
predominant language will be picked up in the traffic flow in 
the event of an emergency and are not likely to be in an iso- 
lated situation. 


A-3-8.4.1.3.5.5.1 The choice of the location(s) for the fire 
command center should also take into consideration the abil- 
ity of the fire alarm system to operate and function during any 
probable single event. 


A-3-8.4.1.3.5.5.3 The operation of a fire command center in 
systems with multiple fire command centers should also con- 
sider visible indications at all locations to assist operators in 
understanding that manual system operation has been estab- 
lished by the fire command center in use. 


A-3-8.4.1.3.5.6.2 The design and layout of the loudspeaker 
audible notification appliances should be arranged such that 
they do not interfere with the operations of the emergency 
response personnel. Speakers located in the vicinity of the fire 
command center should be arranged so they do not cause 
audio feedback when the system microphone is used. Speak- 
ers installed in the area of two-way telephone stations should 
be arranged so that the sound pressure level emitted does not 
preclude the effective use of the two-way telephone system. 
Circuits for paging zones and telephone zones should be sep- 
arated, shielded, or otherwise arranged to prevent audio cross- 
talk between circuits. 


A-3-8.4.1.3.6.1 Paragraph 3-8.4.1.3.6.1 does not prohibit the 
provision of multiple notification appliance circuits within an 
evacuation zone. 


A-3-8.4.1.3.7.3, Consideration should be given to the type of 
telephone handset that fire fighters use in areas where high 
ambient noise levels exist or areas where high noise levels could 
exist during a fire condition. Push-to-talk handsets, handsets 
that contain directional microphones, or handsets that contain 
other suitable noise-canceling features can be used. 


A-3-8.4.2_ Embossed plastic tape, pencil, ink, or crayon should 
not be considered to be a permanently attached placard. 


A-3-8.4.3.6 Automatic fire suppression systems referred to in 
3-8.4.3.6 include, but are not limited to, preaction and deluge 
sprinkler systems, carbon dioxide systems, halon systems, and 
dry chemical systems. 


A-3-9.3.1 In facilities without a building alarm system, dedi- 
cated fire alarm system control units are required by 3-9.3.1 
for elevator recall in order that the elevator recall systems be 
monitored for integrity and have primary and secondary 
power meeting the requirements of this code. 

The control unit used for this purpose should be located in 
an area that is normally occupied and should have audible and 
visible indicators to annunciate supervisory (elevator recall) and 
trouble conditions; however, no form of general occupant noti- 
fication or evacuation signal is required or intended by 3-9.3.1. 


A-3-9.3.7 It is recommended that the installation be in accor- 
dance with Figures A-3-9.3.7(a) and (b). Figure A-3-9.3.7(a) 
should be used where the elevator is installed at the same time 
as the building fire alarm system. Figure A-3-9.3.7(b) should 


be used where the elevator is installed after the building fire 
alarm system. 


Figure A-3-9.3.7(a) Elevator zone — elevator and fire alarm system 
installed at same time. 
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Figure A-3-9.3.7(b) Elevator zone — elevator installed after fire 
alarm system. 
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A-3-9.4.1 A lower response time index is intended to provide 
detector response prior to the sprinkler response, because a 
lower temperature rating alone might not provide earlier 
response. The listed spacing rating of the heat detector should 
be 25 ft (7.6 m) or greater. 


A-3-9.4.3 Care should be taken to ensure that elevator power 
cannot be interrupted due to water pressure surges in the 
sprinkler system. The intent of the code is to ensure that the 
switch and the system as a whole do not have the capability of 
introducing a time delay into the sequence. The use of a 
switch with a time delay mechanism set to zero does not meet 
the intent of the code, because it is possible to introduce a 
time delay after the system has been accepted. This might 
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occur in response to unwanted alarms caused by surges or 
water movement, rather than addressing the underlying cause 
of the surges or water movement (often due to air in the pip- 
ing). Permanently disabling the delay in accordance with the 
manufacturer’s printed instructions should be considered 
acceptable. Systems that have software that can introduce a 
delay in the sequence should be programmed to require a 
security password to make such a change. 


A-3-9.4.4 Figure A-3-9.4.4 illustrates one method of monitor- 
ing elevator shunt trip control power for integrity. 


Figure A-3-9.4.4 Typical method of providing elevator power shunt 
trip supervisory signal. 
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A-3-9.7.3. A problem could exist when batteries are used as a 
secondary power source if a control unit having 24 hours of 
standby operating power were to lose primary power and be 
operated for more than 24 hours from the secondary power 
source (batteries). It is possible that sufficient voltage would 
be available to keep the doors locked but not enough voltage 
available to operate the fire alarm system to release the locks. 
For systems requiring primary power that meets the require- 
ments of 1-5.2.3, such as a hospital system, door locking would 
not be an issue even with batteries provided in the fire alarm 
control unit, because the primary power (emergency genera- 
tor) would operate the fire alarm control unit and secondary 
power would not be required. 


A-3-10 The term wireless has been replaced with the term low- 
power radio to eliminate potential confusion with other trans- 
mission media such as optical fiber cables. 

Low-power radio devices are required to comply with the 
applicable low-power requirements of Title 47, Code of Federal 
Regulations, Part 15. 


A-3-10.1 Equipment listed solely for dwelling unit use would 
not comply with this requirement. 
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A-3-10.3.1 This requirement is not intended to preclude veri- 
fication and local test intervals prior to alarm transmission. 


A-4-1 Notification appliances should be sufficient in quantity, 
audibility, intelligibility, and visibility so as to reliably convey 
the intended information to the intended building occupants 
in a fire emergency. 

Notification appliances in conventional commercial and 
industrial applications should be installed in accordance with 
the specific requirements of Sections 4-3 and 4-4. 

The code recognizes that it is not possible to identify spe- 
cific criteria sufficient to ensure effective occupant notifica- 
tion in every conceivable application. If the specific criteria of 
Sections 4-3 and 4-4 are determined to be inadequate or inap- 
propriate to provide the performance recommended above, 
approved alternative approaches or methods or are permitted 
to be used. 


A-4-2.3 Situations exist where supplemental enclosures are 
necessary to protect the physical integrity of a notification 
appliance. Protective enclosures should not interfere with the 
performance characteristics of the appliance. If the enclosure 
degrades the performance, methods should be detailed in the 
installation instructions of the enclosure that clearly identify 
the degradation. For example, where the appliance signal is 
attenuated, it might be necessary to adjust the appliance spac- 
ings or appliance output. 


A-4-2.5 For hardwired appliances, terminals or leads, as 
described in 4-2.5, are necessary to ensure that the wire run is 
broken and that the individual connections are made to the 
leads or other terminals for signaling and power. 

A common terminal can be used for connection of incom- 
ing and outgoing wires. However, the design and construction 
of the terminal should not permit an uninsulated section of a 
single conductor to be looped around the terminal and to 
serve as two separate connections. For example, a notched 
clamping plate under a single securing screw is acceptable 
only if separate conductors of a notification circuit are 
intended to be inserted in each notch. 


A-4-3.1.1 The code does not require that all audible notifica- 
tion appliances within a building be of the same type. How- 
ever, a mixture of different types of audible notification 
appliances within a space is not the desired method. Audible 
notification appliances that convey a similar audible signal are 
preferred. For example, a space that uses mechanical horns 
and bells might not be desirable. A space that is provided with 
mechanical horns and electronic horns with similar audible 
signal output is preferred. 

However, the cost of replacing all existing appliances to 
match new appliances can impose substantial economic 
impact where other methods can be used to avoid occupant 
confusion of signals and signal content. Examples of other 
methods used to avoid confusion include, but are not limited 
to, training of occupants, signage, consistent use of temporal 
code signal pattern, and fire drills. 


A-4-3.1.4 In determining maximum ambient sound levels, it is 
not necessary to include temporary or abnormal sources. For 
example, in a typical office environment, sound sources that 
should be considered include air-handling equipment, office 
cleaning equipment (vacuum cleaners), and background 
music. Examples of temporary or abnormal sound sources 
that can be excluded would be sound from internal or exter- 
nal construction activities, that is, office rearrangements and 
construction equipment. 
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A-4-3.1.5 Voice intelligibility should be measured in accor- 
dance with the guidelines in Annex A of IEC 60849, Second 
Edition: 1998, Sownd Systems for Emergency Purposes. When tested 
in accordance with Annex B, Clause B1, of IEC 60849, the sys- 
tem should exceed the equivalent of a common intelligibility 
scale (CIS) score of 0.70. Intelligibility is achieved when the 
quantity J,,,, as specified in B3 of IEC 60849, exceeds this 
value. J, is the arithmetical average of the measured intelligi- 
bility values on the CIS and o (sigma) is the standard deviation 
of the results. 


Objective means of determining intelligibility are found in 
IEC 60268, Part 16, Second Edition: 1998, The Objective Rating 
of Speech Intelligibility by Speech Transmission Index. Subject-based 
techniques for measuring intelligibility are defined by ANSI 
S3.2-1989, Method for Measuring the Intelligibility of Speech Over 
Communications Systems. ANSI S3.2-1989 should be considered 
an acceptable alternative to ISO TR 4870, where referenced in 
IEC 60268, Part 16, Second Edition: 1998, The Objective Rating 
of Speech Intelligibility by Speech Transmission Index. 


A-4-3.2 The typical average ambient sound level for the occu- 
pancies specified in Table A-4-3.2 are intended only for design 
guidance purposes. 


The typical average ambient sound levels specified should 
not be used in lieu of actual sound level measurements. 


Table A-4-3.2 Average Ambient Sound Level According to 
Location 


Average Ambient Sound 

Location Level (dBA) 
Business occupancies 55 
Educational occupancies 45 
Industrial occupancies 80 
Institutional occupancies 50 
Mercantile occupancies 
Piers and watersurrounded 40 
structures 
Places of assembly 55 
Residential occupancies 35 
Storage occupancies 30 
Thoroughfares, high density 70 
urban 
Thoroughfares, medium den- 55 
sity urban 
Thoroughfares, rural and 40 
suburban 
Tower occupancies 35 
Underground structures and 40 
windowless buildings 
Vehicles and vessels 50 


A-4-3.2.2 In areas where the background noise is generated by 
machinery and is fairly constant, a frequency analysis can be 
warranted. It might be found that the high sound levels are 
predominately in one or two frequency bandwidths — often 
lower frequencies. Fire alarm notification appliances produc- 
ing sound in one or two other frequency bandwidths can ade- 
quately penetrate the background noise and_ provide 
notification. The system would still be designed to produce or 
have a sound level at the particular frequency or frequency 
bandwidth of at least 15 dB above the average ambient sound 
level or 5 dB above the maximum sound level having a dura- 
tion of at least 60 seconds, whichever is greater. 

In very high noise areas, such as theaters, dance halls, night- 
clubs, and machine shops, sound levels during occupied times 
can be 100 dBA and higher. Peak sounds might be 110 dBA or 
greater. At other occupied times, the sound level might be 
below 50 dBA. A system designed to have a sound level of at 
least 15 dBA above the average ambient sound level or 5 dBA 
above the maximum sound level having a duration of at least 
60 seconds might result in a required fire alarm level in excess 
of the maximum of 115 dBA. A viable option is to reduce or 
eliminate the background noise. Professional theaters or other 
entertainment venues can have road show connection panels 
(refer to NFPA 70, National Electrical Code, Section 520-50) for 
troupes to connect their light and sound systems to. These 
power sources can be controlled by the fire alarm system. In 
less formal applications, such as many nightclubs, designated 
power circuits could be controlled. Diligence needs to be exer- 
cised to ensure that the controlled circuits are used. 

Also, in occupancies such as machine shops or other pro- 
duction facilities, care must be exercised in the design to 
ensure that the removal of power to the noise source does not 
create some other hazard. As with other fire safety functions, 
control circuits and relays would be monitored for integrity in 
accordance with Chapters | and 3. 

Appropriate audible signaling in high ambient noise areas 
is often difficult. Areas such as automotive assembly areas, 
machining areas, paint spray areas, and so on, where the ambi- 
ent noise is caused by the manufacturing process itself require 
special consideration. Adding additional audible notification 
appliances that merely contribute to the already noisy environ- 
ment might not be appropriate. Other alerting techniques 
such as visible notification appliances, for example, could be 
more effectively used. 


A-4-4 The mounting height of the appliances affects the distri- 
bution pattern and level of illumination produced by an appli- 
ance on adjacent surfaces. It is this pattern, or effect, that 
provides occupant notification by visible appliances. If 
mounted too high, the pattern is larger, but at a lower level of 
illumination (measured in lumens per square foot or foot-can- 
dles). If mounted too low, the illumination is greater 
(brighter), but the pattern is smaller and might not overlap 
correctly with that of adjacent appliances. 

A qualified designer could choose to present calculations 
to an authority having jurisdiction showing that it is possible to 
use a mounting height greater than 96 in. or less than 80 in. 
provided an equivalent level of illumination is achieved on the 
adjacent surfaces. This can be accomplished by using listed 
higher intensity appliances or closer spacing, or both. 

Engineering calculations should be prepared by qualified 
persons and should be submitted to the authority having juris- 
diction showing how the proposed variation achieves the same 
or greater level of illumination provided by the prescriptive 
requirements of Section 4-4. 
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The calculations require knowledge of calculation meth- 
ods for high intensity strobes. In addition, the calculations 
require knowledge of the test standards used to evaluate and 
list the appliance. 


A-4-4.1 One method of determining compliance with Section 
4-4 is that the product be listed in accordance with UL 1971, 
Standard for Safety Signaling Devices for the Hearing Impaired. 


A-4-4,2.2 Effective intensity is the conventional method of 
equating the brightness of a flashing light to that of a steady- 
burning light as seen by a human observer. The units of effec- 
tive intensity are expressed in candelas (or candlepower, 
which is equivalent to candelas). For example, a flashing light 
that has an effective intensity of 15 cd has the same apparent 
brightness to an observer as a 15-cd steady-burning light 
source. 

Measurement of effective intensity is usually done in a lab- 
oratory using specialized photometric equipment. Accurate 
field measurement of effective intensity is not practical. Other 
units of measure for the intensity of flashing lights, such as 
peak candela or flash energy, do not correlate directly to effec- 
tive intensity and are not used in this standard. 


A-4-4.3 The prescriptive requirements of Section 4-4 assume 
the use of appliances having very specific characteristics of 
light color, intensity, distribution, and so on. The appliance 
and application requirements are based on _ extensive 
research. However, the research was limited to typical residen- 
tial and commercial applications such as school classrooms, 
offices, hallways, and hotel rooms. While these specific appli- 
ances and applications will likely work in other spaces, their 
use might not be the most effective solution and might not be 
as reliable as other visible notification methods. 

For example, in large warehouse spaces and large distribu- 
tion spaces such as super stores, it is possible to provide visible 
signaling using the appliances and applications of this chapter. 
However, mounting strobe lights at a height of 80 in. to 96 in. 
along aisles with rack storage subjects the lights to frequent 
mechanical damage by fork lift trucks and stock. Also, the num- 
ber of appliances required would be very high. It might be pos- 
sible to use other appliances and applications not specifically 
addressed by this chapter at this time. Alternative applications 
must be carefully engineered for reliability and function and 
would require permission of the authority having jurisdiction. 

Visible notification using the methods contained in 4-4.4.1 
is achieved by indirect signaling. This means the viewer need 
not actually see the appliance, just the effect of the appliance. 
This can be achieved by producing minimum illumination on 
surfaces near the appliance such as the floor, walls, and desks. 
There must be a sufficient change in illumination to be notice- 
able. The tables and charts in Section 4-4 specify a certain can- 
dela effective light intensity for certain size spaces. The data 
were based on extensive research and testing. Appliances do 
not typically produce the same light intensity when measured 
off-axis. To ensure that the appliance produces the desired 
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illumination (effect), it must have some distribution of light 
intensity to the areas surrounding the appliance. UL 1971, 
Standard for Safety Signaling Devices for the Hearing Impaired, spec- 
ifies the distribution of light shown to provide effective notifi- 
cation by indirect visible signaling. 


A-4-4.4.1 Areas large enough to exceed the rectangular 
dimensions given in Figures A-4-4.4.1(a), (b), and (c) require 
additional appliances. Often, proper placement of appli- 
ances can be facilitated by breaking down the area into mul- 
tiple squares and dimensions that fit most appropriately [refer 
to Figures A-4-4.4.1(a), (b), (c), and (d)j]. An area that is 40 ft 
(12.2 m) wide and 74 ft (22.6 m) long can be covered with two 
60-cd appliances. Irregular areas and areas with dividers or 
partitions need more careful planning to make certain that at 
least one 15-cd appliance is installed for each 20-ft x 20-ft 
(6.09-m x 6.09-m) area and that light from the appliance is 
not blocked. 


Figure A-4-4.4.1(a) Irregular area spacing. 
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Figure A-4-4.4.1(b) Spacing of wall-mounted visible appliances in 
rooms. 
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Figure A-4-4.4.1(c) Room spacing allocation — correct. 
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Figure A-4-4.4.1(d) Room spacing allocation — incorrect. 
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A-4-4.4.1.1(1) A design that delivers a minimum illumination 
of 0.0375 lumens/ft? (footcandles) or 0.4037 lumens/m? 
(lux) to all occupiable spaces where visible notification is 
required is considered to meet the minimum light intensity 
requirements of 4-4.4.1.1(1). This level of illumination has 
been shown to alert people by indirect viewing (reflected 
light) in a large variety of rooms with a wide range of ambient 
lighting conditions. 

The illumination from a visible notification appliance at a 
particular distance is equal to the effective intensity of the 
appliance divided by the distance squared (the inverse square 
law). Tables 4-4.4.1.1(a) and (b) are based on applying the 
inverse square law to provide an illumination of at least 0.0375 
lumens/ ft? throughout each room size. For example, a 60-cd 
effective intensity appliance in a 40-ft x 40-ft room produces 
0.0375 lumens/ft? on the opposite wall 40 ft away (60 + 40 ft?). 
This same 60-cd effective intensity appliance produces 0.0375 
lumens/ft? on the adjacent wall 20 ft away (60 x 25% + 20 ft?) 
where the minimum light output of the appliance at 90 
degrees off-axis is 25 percent of rated output per ANSI/UL 
1971, Standard for Safety Signaling Devices for the Hearing 
Impaired. Similarly, a 110-cd strobe will produce at least 0.0375 
lumens/ft* in a 54-ft x 54-ft room. Calculated intensities in 
Tables 4-4.4.1.1(a) and (b) have been adjusted to standardize 
the intensity options of presently available products and take 
into account additional reflections in room corners and 
higher direct viewing probability when there is more than one 
appliance in a room. 

The application of visible notification appliances in out- 
door areas has not been tested and is not addressed in this 
standard. Visible appliances that are mounted outdoors 
should be listed for outdoor use (under ANSI/UL 1638, Visual 
Signaling Appliances — Private Mode Emergency and General Utility 
Signaling, for example) and should be located for direct view- 
ing because reflected light will usually be greatly reduced. 


A-4-4.4.1.1(3) The field of view is based on the focusing 
capability of the human eye specified as 120 degrees in the 
Illuminating Engineering Society (IES) Lighting Handbook 
Reference and Application. The apex of this angle is the viewer’s 
eye. In order to ensure compliance with the requirements of 
4-4.4.1.1, this angle should be increased to approximately 
135 degrees. 

Testing has shown that high flash rates of high intensity 
strobe lights can pose a potential risk of seizure to people with 
photosensitive epilepsy. To reduce this risk, more than two vis- 
ible appliances are not permitted in any field of view unless 
they are separated by at least 55 ft (16.8 m) or unless their 
flashes are synchronized. 


A-4-4.4.2 See Figure A-4-4.4.2 for corridor and elevator spac- 
ing allocation. 


A-4-4.4.2.2 Visible appliances in corridors are permitted to be 
mounted on walls or on ceilings in accordance with 4-4.4.2.2. 
When there are more than two appliances in a field of view, 
they need to be at least 55 ft (16.8 m) apart or they need to be 
synchronized. 


A-4-4.4.3.2 For sleeping areas, the use of lights with other 
intensities at distances different than within 16 ft (4.9 m) has 
not been researched and is not addressed in this code. 


A-4-4.4.4 Examples of rooms where there are concentrated 
viewing areas include classrooms and theater stages. 
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Figure A-4-4.4.2 Corridor and elevator area spacing allocation. 
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A-A-7.1.2 The evacuation tone signal is used to evaluate the 
audibility produced by fire alarm speaker appliances because 
of the fluctuating sound pressure level of voice or recorded 
messages. 


Table A-5-1 Supervising Station Performance Criteria 


A-4-8 Textual visible appliances are selected and installed to 
provide temporary text, permanent text, or symbols. Textual 
visible appliances are most commonly used in the private 
mode. The use of microprocessors with computer monitors 
and printers has resulted in the ability to provide detailed fire 
alarm system information in the form of text and graphics to 
persons charged with directing emergency response and evac- 
uation. Textual visible appliances are also used in the public 
mode to communicate emergency response and evacuation 
information directly to the occupants or inhabitants of the 
area protected by the fire alarm system. Because textual visible 
appliances do not necessarily have the ability to alert, they 
should only be used to supplement audible or visible notifica- 
tion appliances. 

Textual visible information should be of a size and visual 
quality that is easily read. Many factors influence the readabil- 
ity of textual visible appliances, including the following: 


(1) Size and color of the text or graphic 
(2) Distance from the point of observation 
(3) Observation time 
(4) Contrast 
(5) Background luminance 
(6) Lighting 
(7) Stray lighting (glare) 
(8) Shadows 
(9) Physiological factors 
While many of these factors can be influenced by the fire 
alarm equipment manufacturer and by the building designers, 
there is no readily available method to measure readability. 


A-5-1 Table A-5-1 provides a tool for users of the code to easily 
and systematically look-up requirements for protected pre- 
mises, central station service, remote supervising station, and 
proprietary supervising station fire alarm systems. 


Remote Supervising Proprietary Supervising 


System Protected Premises Central Station Service Station Station 
Qualify All fire alarm systems Supervising station ser- |Where central station Supervising station ser- 

vice provided by a prime |service is neither vice monitoring contigu- 

contractor. There is a required nor elected, ous or non-contiguous 

subscriber (5-2.2.2 and _|properties under various | properties under one 

J-2.2.3). ownership monitored by |ownership and responsi- 
a remote supervising sta-|ble to the owner of the 
tion (5-4.1) protected property 

(5-3.2 et al) 

Listed Equipment listed for the |Service listed or plac- Equipment listed for use | Equipment listed for use 

use intended (1-5.1.2) _|arded as well as local intended (1-5.1.2) intended (1-5.1.2) 
equipment for intended 
use (5-1.2.1 and 5-1.2.2) 

Design According to code by __|According to code by —_—|According to code by __|According to code by 
experienced persons experienced persons experienced persons experienced persons 
(1-5. 1.3) (1-5. 1.3) (1-5. 1.3) (1-5. 1.3) 

Compatibility Detector devices pulling |Detector devices pulling |Detector devices pulling |Detector devices pulling 
power from initiating or | power from initiating or | power from initiating or | power from initiating or 
signaling circuits listed _|signaling circuits listed _|signaling circuits listed _| signaling circuits listed 
for control panel (1-5.3) |for control panel (1-5.3) |for control panel (1-5.3) |for control panel (1-5.3) 
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Table A-5-1 Supervising Station Performance Criteria (Continued) 


System 


Protected Premises 


Central Station Service 


Remote Supervising 
Station 


Proprietary Supervising 
Station 


Performance and 


85 percent and 110 per- 


85 percent and 110 per- 


85 percent and 110 per- 


85 percent and 110 per- 


Limitations cent of the nameplate |centofthe nameplate |centofthe nameplate {cent of the nameplate 
rated input voltage, 32°F | rated input voltage, 32°F | rated input voltage, 32°F | rated input voltage, 32°F 
(0°C) and 120°F (49°C) | (0°C) and 120°F (49°C) | (0°C) and 120°F (49°C) | (0°C) and 120°F (49°C) 
ambient temperature, ambient temperature, ambient temperature, ambient temperature, 
85 percent relative 85 percent relative 85 percent relative 85 percent relative 
humidity at 85°F humidity at 85°F humidity at 85°F humidity at 85°F 
(29.4°C) (29.4°C) (29.4°C) (29.4°C) 

Documentation Authority having juris- {Authority having juris- {Authority having juris- | Authority having juris- 


diction notified of new 
or changed specifica- 
tions, wiring diagrams, 
battery calculations. 
Floor plans approval 
statement from contrac- 
tor meets manufac- 
turer’s specifications 
and NFPA requirements. 
Record of completion 
(1-6.2.1 and 1-6.2.2). 
Results of evaluation 
required in 3-4.3.3. 


diction notified of new 
or changed specifica- 
tions, wiring diagrams, 
battery calculations. 
Floor plans approval 
statement from contrac- 
tor meets manufac- 
turer’s specifications 
and NFPA requirements. 
Record of completion 
(1-6.2.1 and 1-6.2.2). 
Results of evaluation 
required in 3-4.3.3. 


diction notified of new 
or changed specifica- 
tions, wiring diagrams, 
battery calculations. 
Floor plans approval 
statement from contrac- 
tor meets manufac- 
turer’s specifications 
and NFPA requirements. 
Record of completion 
(1-6.2.1 and 1-6.2.2). 
Results of evaluation 
required in 3-4.3.3. 


diction notified of new 
or changed specifica- 
tions, wiring diagrams, 
battery calculations. 
Floor plans approval 
statement from contrac- 
tor meets manufac- 
turer’s specifications 
and NFPA requirements. 
Record of completion 
(1-6.2.1 and 1-6.2.2). 
Results of evaluation 
required in 3-4.3.3. 


Supervising Station None UL 827 compliant for | Access restricted, Fire resistive, detached 
Facilities both the supervising sta- |retransmit to public fire | building or cut-off room 
tion and subsidiary sta-_ | or governmental agency. |not near or exposed to 
tion (5-1.2.1 and 5-1.2.2) | Trouble and supervisory | hazards. Access 
can be received else- restricted, NFPA 10, 
where at a continuously |26-hour emergency 
attended station (5-4.3 et |lighting (5-3.3 et al) 
al). 
Testing and Chapter 7 Chapter 7 Chapter 7 Chapter 7 
Maintenance 
Runner Service No Yes — Alarm arrive at No Yes — alarm — | hour, 
the protected premises guard alarm — 30 min- 
within 1 hour where utes, supervisory — 
equipment needs to be 1 hour, trouble — 
reset, guard signal — 1 hour (5-3.6.6 et al) 
30 minutes, supervisory 
— | hour, trouble — 
4 hour (5-2.6.1 et al) 
Operations and None Central station provides | None See Qualify 
Management all but test, mainte- 
Requirements nance, installation and 
runner service provided 
by local alarm service. 
Local alarm service 
prime contractor pro- 
vides above and central 
station provides remain- 
der (5-2. 2.2). 
Staff None Minimum of two per- Sufficient to receive Two operators of which 


sons on duty at supervis- 
ing station. Operation 
and supervision primary 
task (5-2.5). 


alarms. Other duties 
permitted per the 
authority having jurisdic- 
tion. 


one may be the runner, 
when runner is not in 
attendance at station 
contact not to exceed 

15 minutes. Primary 
duties are monitoring 
alarms and operations of 
station (5-3.5 et al). 
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Table A-5-1 Supervising Station Performance Criteria (Continued) 


System 


Protected Premises 


Central Station Service 


Remote Supervising 
Station 


Proprietary Supervising 
Station 


Monitor Signals 


Control unit, fire com- 
mand center and super- 
vising station if sent to 
supervising station 


Control unit, fire com- 
mand center and super- 
vising station if sent to 
supervising station 


Control unit, fire com- 
mand center and super- 
vising station if sent to 
supervising station 


Control unit, fire com- 
mand center and super- 
vising station if sent to 
supervising station 


(1-5.4.3.2.2) (1-5.4.3.2.2) (1-5.4.3.2.2) (1-5.4.3.2.2) 

Retransmission None — Local Alarm — public fire ser- | (1) Alarm to fire depart- |Alarm — public fire 

vice communications ment or governmental |department or plant bri- 
center, subscriber, dis- _|agency, if not available _| gade or other parties as 
patch runner provide __|to another approved required. Guard-pro- 
notice to subscriber and |location. By dedicated __|tected premises, supervi- 
authority having jurisdic-| phone circuit or one-way |sory-designated person 
tion if required. Supervi-| phone, private radio, or |to find problem, others 
sory, trouble, and guard |other methods accept- _|as required. Trouble-des- 
service similar but not — |jable. ignated person to find 
same (5-2.6.1.2 — (2) Supervisory and problem and others as 
5-2.6.1.5). trouble can go else- required (5-3.6.7.2 — 
where (5-4.4.4). 5-3.6.7.4). 

Records Current year and 1 year |Complete records of all |At least 1 year (5-4.6.3). |Complete records of all 
after (1-6.3) signals received must be signals received shall be 

retained for at least 1 retained for at least 1 
year. Reports provided year. Reports provided 
of signals received to of signals received to 
authority having jurisdic- authority having jurisdic- 
tion in a form it finds tion in a form it finds 
acceptable (5-2.6.2). acceptable (5-3.6. 7). 

Alarm Type Audible — fire zone. Audible — fire zone. Audible — fire zone. Audible — fire zone. 
Audible and visual con- |Audible and visual con- |Audible and visual con- |Audible and visual con- 
trol unit and fire com-__|trol unit and fire com-__|trol unit and fire com- __|trol unit and fire com- 
mand center (1-5. 7.1) mand center (1-5. 7.1) mand center (1-5. 7.1) mand center (1-5. 7.1) 

Time/Retransmit 20 seconds (1-5.4.2.2/_  |20 seconds (1-5.4.2.2) Same/immediate — 90 seconds (5-3.4. 7) 
None) Immediate — public fire | public fire or owner des- | Immediate — public fire 

“maximum” 90 seconds |ignate (5-4.6.2) plant brigade or others 
(5-2.6.1.1) (5-3.6.6.1) 

Supervisory Type Audible — covered Audible — covered Audible — covered Audible — covered 
zone. Audible and visual |zone. Audible and visual |zone. Audible and visual |zone. Audible and visual 
at the control panel and |at the control panel and |at the control panel and |at the control panel and 
fire control center fire control center fire control center fire control center 
(1-5. 7.1) (1-5. 7.1) (1-5. 7.1) (1-5. 7.1) 

Time/Retransmit 20 seconds (1-5.4.2.2/.  |20 seconds (1-5.4.2.2) 20 seconds (1-5.4.2.2) 90 seconds (5-3.4. 7) 
None) Immediate person desig-| Immediate — public fire |Where required immedi- 

nated by subscriber max-| or owner designate ate person designated 
imum 4 minimum (5-4.6.2) (5-3.6.6.3) 
(5-2.6.1.3) 

Trouble Type Audible and visual at the | Audible and visual at the | Audible and visual at the | Audible and visual at the 
control panel and fire {control panel and fire {control panel and fire | control panel and fire 
control panel (J-5.7.1) |control panel (1-5.7.1) |control panel (1-5.7.1) _|control panel (1-5. 7.1) 

Silence/Reset Can be silenced, can be |Can be silenced, can be |Can be silenced, can be |Can be silenced, can be 


intermittent every 10 
seconds for !/5 second, 
can have a switch 
secured. Re-sound every 
24 hours if silenced, if 
restored and still 
silenced tone resounds 
(1-5.4.8). 


intermittent every 10 
seconds for !/y second, 
can have a switch 
secured. Re-sound every 
24 hours if silenced, if 
restored and still 
silenced tone resounds 
(1-5.4.8). 


intermittent every 10 
seconds for !/y second, 
can have a switch 
secured. Re-sound every 
24 hours if silenced, if 
restored and still 
silenced tone resounds 
(1-5.4.8). 


intermittent every 10 
seconds for !/y second, 
can have a switch 
secured. Re-sound every 
24 hours if silenced, if 
restored and still 
silenced tone resounds 
(1-5.4.8). 
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Table A-5-1 Supervising Station Performance Criteria (Continued) 


Remote Supervising 


Proprietary Supervising 


System Protected Premises Central Station Service Station Station 
Time/Retransmit 200 seconds (1-5.4.6/ 200 seconds (1-5.4.6) 200 seconds (1-5-4.6) 200 seconds (5-3.4. 7) 


None) 


Immediate — person 
designated by sub- 
scriber. Maximum 
4 minutes (5-2.6.1.4) 


Immediate — public fire 
or owner designate 
(5-4.6.2) 


Where required immedi- 
ate person designated 
(5-3.6.6.4) 


Primary Source 


Light and power service 
or engine-driven genera- 
tor with trained opera- 
tor (1-5.2.4). Low-power 


Same low-power radio 
and DACT increased 


Same low-power radio 
and DACT increased 


Same low-power radio 
and DACT increased 


radio and DACT 
increased. 

Capacity Direct-current voltages _|Direct-current voltages |Direct-current voltages | Direct-current voltages 
not to exceed 350 volts |not to exceed 350 volts |not to exceed 350 volts |not to exceed 350 volts 
above earth ground above earth ground above earth ground above earth ground 
(1-5.2.3) (1-5.2.3) (1-5.2.3) (1-5.2.3) 

Duration Constant Constant Constant Constant 

Type 2-wire ac, 3-wire ac or dc |2-wire ac, 3-wire ac or dc |2-wire ac, 3-wire ac or dc |2-wire ac, 3-wire ac or dc 
with continuous unfused | with continuous unfused | with continuous unfused | with continuous unfused 
neutral conductor or neutral conductor or neutral conductor or neutral conductor or 
polyphase ac with polyphase ac with polyphase ac with polyphase ac with 
unfused neutral, dedi- |unfused neutral, dedi- | unfused neutral, dedi- | unfused neutral, dedi- 
cated branch circuits cated branch circuits cated branch circuits cated branch circuits 
marked and overcur- marked and overcur- marked and overcur- marked and overcur- 
rent protection (1-5.2.4) |rent protection (J-5.2.4) |rent protection (1-5.2.4) |rent protection (1-5.2.4) 

Secondary (1) Storage battery. (1) Storage battery. (1) Storage battery. (1) Storage battery. 

(2) Auto-starting engine | (2) Auto-starting engine | (2) Auto-starting engine | (2) Auto-starting engine 
generator and storage |generator and storage |generator and storage | generator and storage 
batteries with 4hour batteries with 4-hour batteries with 4-hour batteries with 4-hour 
capacity. capacity. capacity. capacity. 

(3) Multiple engine- (3) Multiple engine- (3) Multiple engine- (3) Multiple engine- 
driven generators, one |driven generators, one |driven generators, one _|driven generators, one 
auto starting and capa-__|auto starting and capa-__|auto starting and capa-__|auto starting and capa- 
ble of largest generator |ble of largest generator |ble of largest generator |ble of largest generator 
being out of service. being out of service. being out of service. being out of service. 
Does not cause loss of | |Does not cause loss of | |Does not cause loss of | | Does not cause loss of 
signal (1-5.2.5) signal (1-5.2.5) signal (1-5.2.5) signal (1-5.2.5) 

Capacity Direct-current voltages |Direct-current voltages |Direct-current voltages | Direct-current voltages 
not to exceed 360 volts |not to exceed 360 volts |not to exceed 360 volts |not to exceed 360 volts 
above earth ground above earth ground above earth ground above earth ground 
(1-5.2.4) (1-5.2.4) (1-5.2.4) (1-5.2.4) 

Duration Automatic without sig- |Automatic without sig- | Automatic without sig- | Automatic without sig- 
nal loss for 30 seconds __|nal loss for 30 seconds __|nal loss for 30 seconds __|nal loss for 30 seconds 
and then for 24 hours |and then for 24 hours _|and then for 60 hours _ |and then for 24 hours 
on protected premises |on protected premises |on remote station on protected premises 
(1-5.2.5) and central station (1-5.2.5) and proprietary station 

(1-5.2.5) (1-5.2.5) 

Switch Automatic but see the |Automatic but see the |Automatic but see the | Automatic but see the 
different configurations | different configurations | different configurations | different configurations 
for exception (1-5.2.6) |for exception (1-5.2.6) |for exception (J-5.2.6) | |for exception (1-5.2.6) 

Type Automatic (1-5.2.6) Automatic (1-5. 2.6) Automatic (1-5. 2.6) Automatic (1-5. 2.6) 
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A-5-2.2.2 There are related types of contract service that often 
are provided from, or controlled by, a central station but that 
are neither anticipated by, nor consistent with, the provisions 
of 5-2.2.2. Although 5-2.2.2 does not preclude such arrange- 
ments, a central station company is expected to recognize, 
provide for, and preserve the reliability, adequacy, and integ- 
rity of those supervisory and alarm services intended to be in 
accordance with the provisions of 5-2.2.2. 


A-5-2.2.4 It is the prime contractor’s responsibility to remove 
all compliance markings (certification markings or placards) 
when a service contract goes into effect that conflicts in any 
way with the requirements of 5-2.2.3. 


A-5-2.2.5 The prime contractor should be aware of statutes, 
public agency regulations, or certifications regarding fire 
alarm systems that might be binding on the subscriber. The 
prime contractor should identify for the subscriber which 
agencies could be an authority having jurisdiction and, if pos- 
sible, advise the subscriber of any requirements or approvals 
being mandated by these agencies. 

The subscriber has the responsibility for notifying the 
prime contractor of those private organizations that are being 
designated as an authority having jurisdiction. The subscriber 
also has the responsibility to notify the prime contractor of 
changes in the authority having jurisdiction, such as where 
there is a change in insurance companies. Although the 
responsibility is primarily the subscriber’s, the prime contrac- 
tor should also take responsibility for seeking out these private 
authorities having jurisdiction through the subscriber. The 
prime contractor is responsible for maintaining current 
records on the authority(ies) having jurisdiction for each pro- 
tected premises. 

The most prevalent public agency involved as an authority 
having jurisdiction with regard to fire alarm systems is the 
local fire department or fire prevention bureau. These are 
normally city or county agencies with statutory authority, and 
their approval of fire alarm system installations might be 
required. At the state level, the fire marshal’s office is most 
likely to serve as the public regulatory agency. 

The most prevalent private organizations involved as 
authorities having jurisdiction are insurance companies. Oth- 
ers include insurance rating bureaus, insurance brokers and 
agents, and private consultants. It is important to note that 
these organizations have no statutory authority and become 
authorities having jurisdiction only when designated by the 
subscriber. 

With both public and private concerns to satisfy, it is not 
uncommon to find multiple authorities having jurisdiction 
involved with a particular protected premises. It is necessary to 
identify all authorities having jurisdiction in order to obtain all 
the necessary approvals for a central station fire alarm system 
installation. 


A-5-2.4.4 Two telephone lines (numbers) at the central sta- 
tion connected to the public switched telephone network, 
each having its own telephone instrument connected, and two 
telephone lines (numbers) available at the public fire service 
communications center to which a central station operator 
can retransmit an alarm meet the intent of this requirement. 


A-5-2.4.4.3 The following methods have been used success- 
fully for supervising retransmission circuits (channels). 


(a) An electrically supervised circuit (channel) provided with 
suitable code sending and automatic recording equipment. 
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(b) Asupervised circuit (channel) providing suitable voice 
transmitting, receiving, and automatic recording equipment. 
The circuit can be permitted to be a telephone circuit with the 
following stipulations: 

(1) It cannot be used for any other purpose. 

(2) Itis provided with a two-way ring-down feature for super- 
vision between the fire department communications cen- 
ter and the central station. 

(3) It is provided with terminal equipment located on the 
premises at each end. 

(4) Itis provided with 24-hour standby power. 


NOTE: Local on-premises circuits are not required to be 
supervised. 


(c) Radio facilities using transmissions over a supervised 
channel with supervised transmitting and receiving equip- 
ment. Circuit continuity ensured by any means at intervals not 
exceeding 8 hours is satisfactory. 


A-5-2.6.1.1(1) The term immediately in this context is intended 
to mean “without unreasonable delay.” Routine handling 
should take a maximum of 90 seconds from receipt of an alarm 
signal by the central station until the initiation of retransmission 
to the public fire service communications center. 


A-5-2.6.1.3 It is anticipated that the central station will first 
attempt to notify designated personnel at the protected pre- 
mises. When such notification cannot be made, it might be 
appropriate to notify law enforcement or the fire department, 
or both. For example, if a valve supervisory signal is received 
where protected premises are not occupied, it is appropriate 
to notify the police. 


A-5-2.6.1.3(1) The term immediately in this context is intended 
to mean “without unreasonable delay.” Routine handling 
should take a maximum of 4 minutes from receipt of a super- 
visory signal by the central station until the initiation of com- 
munications with a person(s) designated by the subscriber. 


A-5-2.6.1.4(1) The term immediately in this context is intended 
to mean “without unreasonable delay.” Routine handling 
should take a maximum of 4 minutes from receipt of a trouble 
signal by the central station until initiation of the investigation 
by telephone. 


A-5-2.6.1.5.2 The term immediately in this context is intended 
to mean “without unreasonable delay.” Routine handling 
should take a maximum of 4 minutes from receipt of a trouble 
signal by the central station until initiation of the investigation 
by telephone. 


A-5-3.2.4 The following functions are included in Appendix A 
to provide guidelines for utilizing building systems and equip- 
ment in addition to proprietary fire alarm equipment in order 
to provide life safety and property protection. 

Building functions that should be initiated or controlled 
during a fire alarm condition include, but should not be lim- 
ited to, the following: 


(1) Elevator operation consistent with ANSI A17.1, Safety 
Code for Elevators and Escalators 

(2) Unlocking of stairwell and exit doors (refer to NFPA 80, 
Standard for Fire Doors and Fire Windows, and NFPA 101, Life 
Safety Code) 

(3) Release of fire and smoke dampers (refer to NFPA 90A, 
Standard for the Installation of Air Conditioning and Ventilat- 
ing Systems, and NFPA 90B, Standard for the Installation of 
Warm Air Heating and Air Conditioning Systems) 
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(4) Monitoring and initiating of self-contained automatic 
fire extinguishing system(s) or suppression system(s) and 
equipment (refer to NFPA 11, Standard for Low-Expansion 
Foam; NFPA 11A, Standard for Medium- and High-Expansion 
Foam Systems; NFPA 12, Standard on Carbon Dioxide Extin- 
guishing Systems; NFPA 12A, Standard on Halon 1301 Fire 
Extinguishing Systems; NFPA 13, Standard for the Installation 
of Sprinkler Systems; NFPA 14, Standard for the Installation of 
Standpipe and Hose Systems; NFPA 15, Standard for Water 
Spray Fixed Systems for Fire Protection; and NFPA 17, Standard 


for Dry Chemical Extinguishing Systems) 


(5) 


(6) 
(7) 


Conditioning and Ventilating Systems) 


(8) 


Lighting control necessary to provide essential illumina- 
tion during fire alarm conditions (refer to NFPA 70, 
National Electrical Code, and NFPA 101, Life Safety Code) 

Emergency shutoff of hazardous gas 
Control of building environmental heating, ventilating, 
and air-conditioning equipment to provide smoke con- 
trol (refer to NFPA 90A, Standard for the Installation of Air 


Control of process, data processing, and similar equip- 


ment as necessary during fire alarm conditions 


A-5-3.6.4 It is the intent of this code that the operator within 
the proprietary supervising station should have a secure 


means of immediately retransmitting any signal indicative of 
a fire to the public fire department communications center. 
Automatic retransmission using an approved method 
installed in accordance with Sections 5-2, 5-3, 5-4, and Chap- 
ter 6 is the best method for proper retransmission. However, 
a manual means can be permitted to be used, consisting of 
either a manual connection following the requirements of 
Sections 5-2, 5-4, and Chapter 6, or, for proprietary supervis- 
ing stations serving only contiguous properties, a means in 
the form of a municipal fire alarm box installed within 50 ft 


(15 m) of the proprietary supervising station in accordance 


with Chapter 6 can be permitted. 


A-5-3.6.5 Regardless of the type of retransmission facility 


used, telephone communications between the proprietary 


supervising station and the fire department should be avail- 
able at all times and should not depend on a switchboard 
operator. 


A-5-4.3 As a minimum, the room or rooms containing the 


remote supervising station equipment should have a 1-hour 


fire rating, and the entire structure should be protected by an 


Table A-5-5.1 Communications Methods for Supervising Stations 


alarm system complying with Chapter 3. 


A-5-5.1 Refer to Table A-5-5.1 for communications methods. 


5-5.3.4 Two- 
5-5.3.2 Digital Way Radio 5-5.3.5 One- |5-5.3.6 Directly 
Alarm 5-5.3.3 Frequency Way Private Connected | 5-5.3.7 Private | 5-5.4 Other 
5-5.3.1 Active |Communicator| McCulloh (RF) Multiplex | Radio Alarm Noncoded Microwave Transmission 

Criteria Multiplex Systems Systems Systems Systems Systems Radio Systems | Technologies 
FCC approval |Yes [Yes [Yes \Yes \Yes [Yes \Yes )Yes 
when applicable 
Conform to [Yes [Yes [Yes \Yes )Yes [Yes Yes )Yes 
NFPA 70, 
National Electrical 
Code 
Monitoring for Systems are [Both the pre- /Continuous dc |Systems are Test signal Continuous dc |Used as a Monitor for 


integrity of the 
transmission and 
communications 
channel 


periodically 
polled for 
end-to-end 
communica- 
tions integrity 


mises unit and 
the system unit 
monitor for 
integrity ina 
manner 
approved for 
the means of 
transmission 
employed. A 
single signal 
received on 
each incom- 
ing DACR line 
once every 24 
hours 


supervision 


periodically 
polled for end- 
to-end commu- 
nications integ- 
rity 


from every 
transmitter 
once every 24 
hours 


supervision 


portion of 
another type of 
transmission 
technology. 
End-to-end 
integrity moni- 
tored by the 
main transmis- 
sion technol- 
ogy. Microwave 
portion is con- 
tinuously mon- 
itored 


integrity or 
provide back- 
up channel 
tested as below 


Annunciate, at 
the supervising 
station, the deg- 
radation and res- 
toration of the 
transmission or 
communications 
channel 


Within 200 
seconds for 
Type IIT multi- 
plex. Within 
90 seconds for 
Type I and II 
multiplex. 


Within 4 min- 
utes using 
alternate 
phone line to 
report the 
trouble 


Indicate auto- 
matically and 
operation 
under fault 
condition 
achieved either 
manually or 
automatically 


Not exceed 90 
seconds from 
the time of the 
actual failure 


Only monitor 
the quality of 
signal received 
and indicate if 
the signal falls 
below mini- 
mum signal 
quality speci- 
fied in code 


Presented in a 
form to expe- 
dite prompt 
operator inter- 
pretation 


Presented in a 
form to expe- 
dite prompt 
operator inter- 
pretation 


Within 5 min- 
utes (may use 
a second sepa- 
rate path to 
report failure) 
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Table A-5-5.1 Communications Methods for Supervising Stations (Continued) 


5-5.3.4 Two- 
5-5.3.2 Digital Way Radio 5-5.3.5 One- |5-5.3.6 Directly 
Alarm 5-5.3.3 Frequency Way Private Connected | 5-5.3.7 Private | 5-5.4 Other 
5-5.3.1 Active |Communicator) McCulloh (RF) Multiplex | Radio Alarm Noncoded Microwave Transmission 
Criteria Multiplex Systems Systems Systems Systems Systems Radio Systems | Technologies 
Redundant com- /Redundant —|Employ a com-|Redundant Redundant Minimum of — {None required |Dual transmit- |Provide a 
munication path |path not bination of two |path not path not two indepen- ters required if |redundant 
where a portion |required — __|separate trans- |required — required — dent RF paths more than 5 [path if com- 
of the transmis- [supervising |mission chan- |supervising sta- |supervising sta- must be simul- buildings or — munication 
sion or communi-|station always |nelsalternately |tion always tion always taneously premises or 50 |failure not 
cations channel indicates a tested at inter- jindicates a indicates a employed Initiating annunciated 
cannot be moni- |communica- vals not communica- |communica- devices circuits Jat supervising 
tored for integ- |tions failure |exceeding 24 |tions failure. _ |tions failure station 
rity hours Exception is 
the use of non- 
metallic chan- 
nels that 
require two 
channels or an 
immediate 
transfer toa 
standby chan- 
nel 
Interval testing of |For Type I, 1- [When two No testing Back-up path —_|No require- Back-up path |Dual transmit- |If back-up 
the back-up hour testing |phone lines |requirement |/notrequired |ment because |not required _ |ters shall be path required, 
path(s) for dedicated |are used, test the quality of operated on [test path once 
lines and 24-_ jalternately the signal is time ratio of _ jevery 24-hours 
hour testing jevery 24 hours. continuously 2:1 within each |on alternating 
for dial-up. No |Testing for monitored 24-hours channels test- 
requirement |other back-up ing each chan- 
for Type II technologies, nel every 48- 
and III. see hours 
5-5.3.2.1.6.2 


Annunciation of 
communication 
failure or ability 
to communicate 
at the protected 


Not required 
— always 

annunciated 
at the super- 
vising station 
that initiates 


Indication of 
failure at pre- 
mises due to 
line failure or 
failure to com- 
municate after 
from 5 to 10 


Not required 
— always 
annunciated at 
the supervis- 
ing station that 
initiates correc- 


Not required 
— always 
annunciated at 
the supervis- 
ing station that 
initiates correc- 


Monitor the 
interconnec- 
tion of the pre- 
mises unit 
elements of 
transmitting 
equipment and 
indicate a fail- 
ure at the pre- 


None required 


None required 


Systems where 
the transmit- 
ter at the local 
premises unit 
detects a com- 
munication 
failure before 
the supervis- 
ing station, the 
premises unit 


premises corrective Rar : : : : mises or : E 
: dialing tive action tive action : will annunci- 
action transmit a trou- . 
attempts é ate the failure 
ble signal to eee , 
hesuperis within 5 min- 
He ics k utes of detect- 
8s ing the failure 
Time to restore [Where dupli- |Spare digital |Where dupli-  |Where dupli- [Where dupli- |Where dupli- [Where dupli- [Where dupli- 
signal receiving, |cate equip- alarm commu- |cate equip- cate equip- cate equip- cate equip- cate equip- cate equip- 
processing, dis- |ment not nicator receiv- ment not ment not ment not ment not ment not ment not 
play, and record- |provided, ers required _ |provided, spare |provided, spare |provided, spare |provided, spare |provided, spare |provided, 
ing equipment _|spare hard- __ [for switchover |hardware hardware hardware hardware hardware spare hard- 


ware required 
so arepair can 
be effected 
within 30 min- 
utes 


to back-up 
receiver in 30 
seconds. One 
back-up sys- 
tem unit for 
every 5 system 
units. 


required so a 
repair can be 
effected within 
30 minutes 


required so a 
repair can be 
effected within 
30 minutes 


required so a 
repair can be 
effected within 
30 minutes 


required so a 
repair can be 
effected within 
30 minutes 


required so a 
repair can be 
effected within 
30 minutes 


ware required 
so a repair can 
be effected 
within 30 min- 
utes. Com- 
plete set of 
critical spare 
parts on a 1 to 
5 ratio of parts 
to system units 
or a duplicate 
functionally 
equivalent sys- 
tem unit for 
every 5 system 
units 
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Table A-5-5.1 Communications Methods for Supervising Stations (Continued) 


5-5.3.4 Two- 
5-5.3.2 Digital Way Radio 5-5.3.5 One- |5-5.3.6 Directly 
Alarm 5-5.3.3 Frequency Way Private Connected | 5-5.3.7 Private | 5-5.4 Other 
5-5.3.1 Active |Communicator| McCulloh (RF) Multiplex | Radio Alarm Noncoded Microwave Transmission 
Criteria Multiplex Systems Systems Systems Systems Systems Radio Systems | Technologies 
Loading capaci- {512 buildings |See Table 5- — |Alarm and 512 buildings |512 buildings |A single circuit |Up to 5 build- |512 indepen- 
ties for system and premises |5.3.2.2.2.3 for |sprinkler and premises Jjand premises |must not serve |ings or pre- dent fire alarm 
units and trans- jon one system |the maximum |supervisory on a system on a system more than one |mises or 50 systems on a 
mission and com-funit. Unlim- [number of limited to 25 junit with no junit withno __|plant. initiating system unit 


munications ited if you can |transmitters —_/plants and 250 |back-up. back-up. device circuits |with no back- 
channels switch to on a hunt code wheels on |Unlimited if | |Unlimited if on one trans-  /up. Unlimited 
duplicate sys- |group in a sys- Jone circuit. 60 ]you can switch |you can switch mitter. Unlim- |if you can 
tem unit tem unit scheduled to a back-up in |to a back-up in ited if dual switch to a 
within 30 sec- guard reports |30 seconds. 30 seconds. transmitters {back-up in 30 
onds. Load- per hour are used with |seconds. The 
ing capacity automatic system shall be 
for transmis- switchover or |designed such 
sion and com- manual that a failure 
munications switchover in jof a transmis- 
channels 30 seconds sion channel 
(trunks) is serving a sys- 
listed in Table tem unit shall 
5-5.3.1.4. not result in 
the loss in the 
ability to mon- 
itor more than 
3000 transmit- 
ters 
End-to-end com- |90 seconds Off-hook to {Not addressed |90 seconds 90% probabil- |Not addressed |Not addressed |90 seconds 
munication time [from initiation jon-hook not to from initiation |ity to receive an from initia- 
for an alarm until it is exceed 90 sec- until it is alarm in 90 sec- tion of alarm 
recorded onds per recorded onds, 99% until dis- 
attempt. 10 probability in played to the 
attempts maxi- 180 seconds, operator and 
mum. 900 sec- 99.999% prob- recorded on a 
onds ability in 450 media from 
maximum for seconds which the 
all attempts. information 
can be 
retrieved 
Record and dis-_ {Not slower Not addressed |Not addressed When any When any Not addressed |Not addressed |No slower 
play rate of subse-|than one number of sub-|number of sub- than one every 
quent alarms at every 10 addi- sequent alarms |sequent alarms 10 additional 
supervising sta- {tional seconds come in, come in, seconds 
tion record ata rate |record at a rate 
not slower than |not slower than 
one every addi-|one every addi- 
tional 10 sec- _|tional 10 sec- 
onds onds 
Signal error Not addressed |Signal repeti- |Not addressed |Not addressed |Not addressed |Not applicable |Not addressed |Signal repeti- 
detection and tion, digital tion, parity 
correction parity check, check, or 
or some equiv- some equiva- 
alent means of lent means of 
signal verifica- error detec- 
tion must be tion and cor- 
used rection shall 
be used 
Path sequence __|Not addressed |The first trans- |Not addressed |Not addressed |Not addressed [Not addressed |Not addressed |No need for 


priority 


mission 
attempt uses 
the primary 
channel 


prioritization 
of paths. The 
requirementis 
that both 
paths are 


equivalent 
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Table A-5-5.1 Communications Methods for Supervising Stations (Continued) 


5-5.3.4 Two- 
5-5.3.2 Digital Way Radio 5-5.3.5 One- |5-5.3.6 Directly 
Alarm 5-5.3.3 Frequen Way Private Connected | 5-5.3.7 Private | 5-5.4 Other 
5-5.3.1 Active |Communicator) McCulloh (RF) Multiplex | Radio Alarm Noncoded Microwave Transmission 
Criteria Multiplex Systems Systems Systems Systems Systems Radio Systems | Technologies 
Carrier diversity |None Where long [Not addressed |Not addressed |Not addressed |Not addressed |Not addressed |When a redun- 
required distance ser- dant path is 
vice (includ- required, the 
ing WATS) is alternate path 
used, the sec- shall be pro- 
ond tele- vided bya 
phone public com- 
number shall munication 
be provided by service pro- 
a different vider different 
long distance from the pri- 
service pro- mary path 
vider where where avail- 
there are mul- able 
tiple providers 
Throughput Not addressed|Demonstrate |Not addressed |Not addressed |90% probabil- |Not addressed |Not addressed |When the 
probability 90% probabil- ity to receive an supervising 
ity of a system alarm in 90 sec- station does 
unit immedi- onds. 99% not regularly 
ately answer- probability in communicate 
ing a call or 180 seconds. with the trans- 
follow the 99.999% in mitter at least 
loading Table probability 450 once every 200 
5-5.3.2.2.2.3. seconds seconds, then 
One-way radio the through- 
back-up dem- put probability 
onstrates 90% of the alarm 
probability of transmission 
transmission. must be at 
least 90% in 
90 seconds, 
99% in 180 
seconds, 
99.999% in 
450 seconds 
Unique premises [Yes \Yes [Yes Yes Yes [Yes \Yes Ifa transmitter 
identifier shares a trans- 
mission or 
communica- 
tion channel 
with other 
transmitters, it 
shall have a 
unique trans- 
mitter identi- 
fier 
Unique flaws None If call forward- |None None None None None From time to 
addressed ing is used to Jaddressed addressed addressed addressed addressed time, there 


communicate 
to the supervis- 
ing station, 
verify the 
integrity of this 
feature every 4 
hours 


may be unique 
flaws in a com- 
munication 
system. 
Unique 
requirements 
shall be writ- 
ten for these 
unique flaws 
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Table A-5-5.1 Communications Methods for Supervising Stations (Continued) 


Criteria 


5-5.3.1 Active 
Multiplex 


5-5.3.2 Digital 
Alarm 
Communicator 
Systems 


5-5.3.3 
McCulloh 
Systems 


5-5.3.4 Two- 
Way Radio 
Frequen 
(RF) Multiplex 
Systems 


5-5.3.5 One- 

Way Private 

Radio Alarm 
Systems 


5-5.3.6 Directly 
Connected 
Noncoded 
Systems 


5-5.3.7 Private 
Microwave 
Radio Systems 


5-5.4 Other 
Transmission 
Technologies 


Signal priority 


Fire alarm, 
supervisory, 
and trouble 
signals shall 
take prece- 
dence, in that 
respective 
order of prior- 
ity, over all 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


Chapter 1 on 
fundamentals 
requires that 
alarm signals 
take priority 
over supervi- 
sory signals 
unless there is 
sufficient repe- 


If the commu- 
nication meth- 
odology is 
shared with 
any other 
usage, all fire 
alarm trans- 
missions shall 
preempt and 


other signals |tition of the __ |tition of the tition of the tition of the tition of the tition of the take prece- 
(except life jalarm signal to Jalarm signal to Jalarm signal to Jalarm signal to jalarm signal to Jalarm signal to |dence over 
threatening [prevent the prevent the prevent the prevent the prevent the prevent the any other 
signals over _ {loss of an loss of an alarm |loss of an alarm |loss of an alarm |loss of an alarm |loss of an alarm usage. Fire 
supervisory jalarm signal __|signal signal signal signal signal alarm signals 
and trouble) take prece- 
dent over 
supervisory 
signals 
Sharing commu- |Not addressed |Disconnect Not addressed |Not addressed |Not addressed |Not addressed |Not addressed |If the transmit- 


nications equip- 
ment on 
premises 


outgoing or 
incoming tele- 
phone call and 
prevent its use 
for outgoing 
telephone calls 
until signal 
transmission 
has been com- 
pleted 


A-5-5.2.1.2 It is not the intent of Section 5-5 to limit the use of 
listed equipment using alternate communications methods, 
provided these methods demonstrate performance character- 
istics that are equal to or superior to those technologies 
described in Section 5-5. Such demonstration of equivalency is 
to be evidenced by the equipment using the alternate commu- 
nications methods meeting all the requirements of Chapter 1, 
including those that deal with such factors as reliability, mon- 
itoring for integrity, and listing. It is further expected that suit- 
able proposals stating the requirements for such technology 
will be submitted for inclusion in subsequent editions of this 
code. 


A-5-5.3.1.2 Where derived channels are used, normal operat- 
ing conditions of the telephone equipment are not to inhibit 
or impair the successful transmission of signals. These normal 
conditions include, but are not limited to, the following: 


(1) 
(2) 


Intraoffice calls with a transponder on the originating end 
Intraoffice calls with a transponder on the terminating 
end 

Intraoffice calls with transponders on both ends 

Receipt and origination of long distance calls 

Calls to announcement circuits 

Permanent signal receiver offhook tone 


(3) 
(4) 
(5) 
(6) 
(7) Ringing with no answer, with transponder on either the 
originating or the receiving end 


ter is sharing 
on-premises 
communica- 
tions equip- 
ment, the 
shared equip- 
ment shall be 
listed for the 
purpose (oth- 
erwise the 
transmitter 
must be 
installed 
ahead of the 
unlisted 
equipment) 


(8) Calls to tone circuits (that is, service tone, test tone, busy, 
or reorder) 

(9) Simultaneous signal with voice source 

(10) Simultaneous signal with data source 

(11) Tip and ring reversal 

(12) Cable identification equipment 


A-5-5.3.1.2.3(b) Derived channel systems comprise Type 1 
and Type 2 systems only. 


A-5-5.3.2.1.3 In order to give the DACT the ability to discon- 
nect an incoming call to the protected premises, telephone 
service should be of the type that provides for timed-release 
disconnect. In some telephone systems (step-by-step offices), 
timed-release disconnect is not provided. 


A-5-5.3.2.1.5 A DACT can be programmed to originate calls 
to the DACR telephone lines (numbers) in any alternating 
sequence. The sequence can consist of single or multiple calls 
to one DACR telephone line (number), followed by single or 
multiple calls to a second DACR telephone line (number), or 
any combination thereof that is consistent with the minimum/ 
maximum attempt requirements in 5-5.3.2.1.5. 


A-5-5.3.2.1.6.1(8) A two-number ISDN line is not a substitute 
for the requirement to monitor the integrity of the path. 


A-5-5.3.2.1.9 The requirement for use of two different long 
distance providers is to prevent a lost signal due to a fault in 
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one long distance provider’s network. This requirement is not 
meant to apply in local situations where signal traffic is strictly 
within the area covered by one local telephone company. 

Because it is never certain whether a subscriber has 
changed long distance providers, it is recommended that, if 
direct dialer service is used, a telephone call should be forced 
onto a specific long distance provider’s network by using the 
dialing prefix carrier identification code (CIC) specific to 
each long distance provider. 


A-5-5.3.2.1.11 Because call forwarding requires equipment at a 
telephone company central office that might occasionally inter- 
rupt the call forwarding feature, a signal should be initiated 
whereby the integrity of the forwarded telephone line (num- 
ber) that is being called by DACTs is verified every 4 hours. This 
can be accomplished by a single DACT, either in service or used 
solely for verification, that automatically initiates and completes 
a transmission sequence to its associated DACR every 4 hours. A 
successful signal transmission sequence of any other type within 
the same 4-hour period should be considered sufficient to fulfill 
this requirement. 

Call forwarding should not be confused with WATS or 800 
service. The latter, differentiated from the former by dialing 
the 800 prefix, is a dedicated service used mainly for its toll- 
free feature; all calls are preprogrammed to terminate at a 
fixed telephone line (number) or to a dedicated line. 


A-5-5.3.2.2.2.1 The timed-release disconnect considerations 
as outlined in A-5-5.3.2.1.3 apply to the telephone lines (num- 
bers) connected to a DACR at the supervising station. 

It might be necessary to consult with appropriate tele- 
phone service personnel to ensure that numbers assigned to 
the DACR can be individually accessed even where they are 
connected in rotary (a hunt group). 


A-5-5.3.2.2.2.3 In determining system loading, Table 5- 
5.3.2.2.2.3 can be used, or it should be demonstrated that 
there is a 90 percent probability of incoming line availability. 
Table 5-5.3.2.2.2.3 is based on an average distribution of calls 
and an average connected time of 30 seconds per message. 
Therefore, where it is proposed to use Table 5-5.3.2.2.2.3 to 
determine system loading, if any factors are disclosed that 
could extend DACR connect time so as to increase the average 
connect time, the alternate method of determining system 
loading should be used. Higher (or possibly lower) loadings 
might be appropriate in some applications. 

(a) Some factors that could increase (or decrease) the 
capacity of a hunt group follow. 


(1) Shorter (or longer) average message transmission time 
can influence hunt group capacity. 

(2) The use of audio monitoring (listen-in) slow-scan video 
or other similar equipment can significantly increase the 
connected time for a signal and reduce effective hunt 
group capacity. 

(3) The clustering of active burglar alarm signals can gener- 
ate high peak loads at certain hours. 

(4) Inappropriate scheduling of 24-hour test signals can gen- 
erate excessive peak loads. 

(b) Demonstration of a 90 percent probability of incoming 
line availability can be accomplished by the following in-ser- 
vice monitoring of line activity. 

(1) Incoming lines are assigned to telephone hunt groups. 


When a DACT calls the main number of a hunt group, it 
can connect to any currently available line in that hunt 


group. 
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(2) The receiver continuously monitors the “available” status 
of each line. A line is available when it is waiting for an 
incoming call. A line is unavailable for any of the follow- 
ing reasons: 

a. Currently processing a call 

b. Line in trouble 

c. Audio monitoring (listen-in) in progress 

d. Any other condition that makes the line input unable 
to accept calls 

(3) The receiver monitors the “available” status of the hunt 
group. A hunt group is available when any line in it is 
available. 

(4) A message is emitted by the receiver when a hunt group 
is unavailable for more than | minute out of 10 minutes. 
This message references the hunt group and the degree 
of overload. 


A-5-5.3.2.2.2.4 The verification of the 24-hour DACR line test 
should be done early enough in the day to allow repairs to be 
made by the telephone company. 


A-5-5.3.3.1.2 The recommended coded signal designations 
for a building having four floors and basements are provided 
in Table A-5-5.3.3.1.2. 


Table A-5-5.3.3.1.2 Recommended Coded Signal 
Designations 


Location Coded Signal 
Fourth floor 2-4 
Third floor 2-3 
Second floor 2-2 
First floor 2-1 
Basement 3-1 
Sub-basement 3-2 


A-5-5.3.3.1.4 The current readings, in accordance with 
5-5.3.3.1.4(a), should be compared with the normal 
readings to determine if a change in the circuit condi- 
tion has occurred. A zero current reading in accordance 
with 5-5.3.3.1.4(b) indicates that the circuit is clear of a 
foreign ground. 


A-5-5.3.3.2.5(3) Though rare, it is understood that the occur- 
rence of a wire-to-wire short on the primary trunk facility near 
the supervising station could disable the transmission system 
without immediate detection. 


A-5-5.3.3.2.6(d)(3) Though rare, it is understood that the 
occurrence of a wire-to-wire short on the primary trunk facility 
near the supervising station could disable the transmission sys- 
tem without immediate detection. 


A-5-5.3.3.3.5 At the time of system acceptance, verification 
should be made that manual fire alarm box signals are free of 
transmission channel interference. 


A-5-5.3.4.4 The intent of the plurality of control sites is to safe- 
guard against damage caused by lightning and to minimize 
the effect of interference on the receipt of signals. The control 
sites can be co-located. 
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A-5-5.3.5.2 It is intended that each RAT communicate with 
two or more independently located RARSRs. The location of 
such RARSRs should be such that they do not share common 
facilities. 


NOTE: All probability calculations required for the purposes 
of Chapter 5 should be made in accordance with established 
communications procedures, should assume the maximum 
channel loading parameters specified, and should further 
assume that 25 RATs are actively in alarm and are being 
received by each RARSR. 


A-5-5.3.6.5.2 If a single plant involves more than one gate 
entrance or involves a number of buildings, separate circuits 
might be required so that the alarm to the supervising station 
indicates the area to which the fire department is to be dis- 
patched. 


A-5-5.3.7.1 A private microwave radio can be used either as a 
transmission channel, to connect a transmitter to a supervis- 
ing station or subsidiary station, or as a communications chan- 
nel to connect a subsidiary station(s) to a supervising 
station(s). This can be done independently or in conjunction 
with wireline facilities. 


A-5-5.3.7.2(b) Transmitters should be operated alternately, 
16 hours on and 16 hours off. 


A-5-5.5.1 The signal information can be permitted to be pro- 
vided in coded form. Records can be permitted to be used to 
interpret these codes. 


A-5-5.5.2 In order to expedite repairs, it is recommended that 
spare modules, such as printed circuit boards, CRT displays, or 
printers, be stocked at the supervising station. 


A-5-5.5.3 For all forms of transmission, the maximum time to 
process an alarm signal should be 90 seconds. The maximum 
time to process a supervisory signal should be 4 minutes. The 
time to process an alarm or supervisory signal is defined as that 
time measured from receipt of a signal until retransmission or 
subscriber contact is initiated. 

When the level of traffic in a supervising station system 
reaches a magnitude such that delayed response is possible, 
even if the loading tables or loading formulas of this code are 
not exceeded, it is envisioned that it will be necessary to 
employ an enhanced method of processing. 

For example, in a system where a single DACR instrument 
provided with fire and burglar alarm service is connected to 
multiple telephone lines, it is conceivable that, during certain 
periods of the day, fire alarm signals could be delayed by the 
security signaling traffic, such as opening and closing signals. 
Such an enhanced system would perform as follows, upon 
receipt of a signal: 

(1) Automatically process the signals, differentiating 
between those that require immediate response by super- 
vising station personnel and those that need only be 
logged 

(2) Automatically provide relevant subscriber information to 
assist supervising station personnel in their response 

(3) Maintain a timed, unalterable log of the signals received 
and the response of supervising station personnel to such 
signals 

A-6-2.1 When choosing from available options to implement 

a public fire alarm reporting system, the operating agency 

should consider which of the choices would facilitate the max- 


imum reliability of the system, where such a choice is not cost 
prohibitive. 


A-6-4.7 The current supply for designating lamps at street 
boxes should be secured at lamp locations from the local elec- 
tric utility company. 

Alternating-current power can be permitted to be superim- 
posed on metallic fire alarm circuits for supplying designating 
lamps or for control or actuation of equipment devices for fire 
alarm or other emergency signals, provided the following con- 
ditions exist. 


(a) Voltages between any wire and ground or between one 
wire and any other wire of the system should not exceed 150 
volts, and the total resultant current in any line circuit should 
not exceed !/, ampere. 


(b) Components such as coupling capacitors, transform- 
ers, chokes, or coils are rated for 600-volt working voltage and 
have a breakdown voltage of at least twice the working voltage 
plus 1000 volts. 


(c) There is no interference with fire alarm service under 
any conditions. 


A-6-5.3 If the operating mechanism of a box creates sufficient 
sound to be heard by the user, the requirements are satisfied. 


A-6-5.9 The current supply for designating lights at street 
boxes should be secured at lamp locations from the local elec- 
tric utility company. 

Alternating-current power can be permitted to be superim- 
posed on metallic fire alarm circuits for supplying designating 
lamps or for control or actuation of equipment devices for fire 
alarm or other emergency signals, provided the following con- 
ditions exist. 


(a) Voltage between any wire and ground or between one 
wire and any other wire of the system does not exceed 150 
volts, and the total resultant current in any line circuit does 
not exceed !/, ampere. 


(b) Components such as coupling capacitors, transform- 
ers, chokes, or coils are rated for 600-volt working voltage and 
have a breakdown voltage of at least twice the working voltage 
plus 1000 volts. 


(c) There is no interference with fire alarm service under 
any conditions. 


A-6-5.12.3 The following is an excerpt from the FCC Rules and 
Regulations, Vol. V, Part 90, March 1979: 


“Except for test purposes, each transmission must be lim- 
ited to a maximum of 2 seconds and may be automatically 
repeated not more than two times at spaced intervals within 
the following 30 seconds; thereafter, the authorized cycle may 
not be reactivated for 1 minute.” 


A-6-6 Where the intent is for complete coverage, it should not 
be necessary to travel in excess of one block or 500 ft (150 m) 
to reach a box. In residential areas, it should not be necessary 
to travel in excess of two blocks or 800 ft (240 m) to reach a 
box. 


A-6-7.1.8.1(a) Figure A-6-7.1.8.1(a) illustrates a Form 4A 
arrangement. 
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Figure A-6-7.1.8.1(a) Form 4A. 
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A-6-7.1.8.1(b) Figure A-6-7.1.8.1(b) illustrates a Form 4B 
arrangement. 


Figure A-6-7.1.8.1(b) Form 4B. 
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A-6-7.1.8.1(d) Figure A-6-7.1.8.1(d) illustrates a Form 4C 
arrangement. Refer to NFPA 1221, Standard for the Installation, 
Maintenance, and Use of Emergency Services Communications Systems. 
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Figure A-6-7-1.8.1(d) Form 4C. 
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A-6-9.1.4 All requirements for circuit protection do not apply 
to coded radio reporting systems. These systems do not use 
metallic circuits. 


A-6-14.3.1.1 Figure A-6-14.3.1.1 illustrates a Type A receiving 
network. 


Figure A-6-14.3.1.1 Type A system receiving networks. 


Poling required for transpondence-type (two-way) systems only. 
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A-6-14.6.3 The transmission of an actual emergency-related 
message, initiated at the same time it is preselected for a test 
message, and, in turn, preempts said test message, must satisfy 
the intent of this requirement. 


A-6-16.4.1(a) The local energy-type system /refer to Figures 
A-6-16.4.1(a)(1) and A-6-16.4. 1(a)(2)] is electrically isolated 
from the public fire alarm reporting system and has its own 
power supply. The tripping of the transmitting device does 
not depend on the current in the system. In a wired circuit, 
receipt of the alarm by the communications center when 


APPENDIX A 


72-145 


the circuit is accidentally opened depends on the design of 
the transmitting device and the associated communica- 
tions center equipment (in other words, whether or not 
the system is designed to receive alarms through manual or 
automatic ground operational facilities). In a radio box- 
type system, receipt of the alarm by the communications 
center depends on the proper operation of the radio trans- 
mitting and receiving equipment. 


Figure A-6-16.4.1(a)(1) Local energy-type auxiliary fire alarm system. 
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Figure A-6-16.4.1(a)(2) Local energy-type auxiliary fire alarm system. 
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A-6-16.4.1(b) The shunttype system /refer to Figures A-6-16.4.1(b)(1) 
and A-6-16.4.1(b)(2)] is electrically connected to, and is an integral 
part of, the public fire alarm reporting system. A ground fault on 
the auxiliary circuit is a fault on the public fire alarm reporting sys- 
tem circuit, and an accidental opening of the auxiliary circuit sends 
aneedless (or false) alarm to the communications center. An open 
circuit in the transmitting device trip coil is not indicated either at 
the protected property or at the communications center. Also, ifan 
initiating device is operated, an alarm is not transmitted, but an 
open circuit indication is given at the communications center. Ifa 
public fire alarm reporting system circuit is open when a con- 
nected shunt-type system is operated, the transmitting device does 
not trip until the public fire alarm reporting system circuit returns 
to normal, at which time the alarm is transmitted, unless the auxil- 
iary circuit is first returned to a normal condition. 


Additional design restrictions for shunt-type systems are 
found in laws or ordinances. 


Figure A-6-16.4.1(b)(1) Shunt-type auxiliary fire alarm system. 
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Figure A-6-16.4.1(b)(2) Shunt-type auxiliary fire alarm system. 
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A-7-1.3 Prior to any scheduled inspection or testing, the ser- 
vice company should consult with the building owner or the 
owner’s designated representative. Issues of advance notifica- 
tion in certain occupancies, including advance notification 
time, building posting, systems interruption and restoration, 
evacuation procedures, accommodation for evacuees, and 
other related issues, should be agreed upon by all parties prior 
to any inspection or testing. 


A-7-1.6.2 The additional devices to be tested should be a sam- 
ple representation of the types of devices and locations on the 
system. 


A-7-2.1 If the authority having jurisdiction strongly suspects 
significant deterioration or otherwise improper operation by 
a central station, a surprise inspection to test the operation of 
the central station should be made, but extreme caution 
should be exercised. This test is to be conducted without advis- 
ing the central station. However, the public fire service com- 
munications center must be contacted when manual alarms, 
waterflow alarms, or automatic fire detection systems are 
tested so that the fire department will not respond. In addi- 
tion, persons normally receiving calls for supervisory alarms 
should be notified when items such as gate valves and func- 
tions such as pump power are tested. Confirmation of the 
authenticity of the test procedure should be obtained and 
should be a matter for resolution between plant management 
and the central station. 


A-7-2.2 The wiring diagrams depicted in Figures A-7-2.2(a) (1) 
through A-7-2.2(a)(17) are representative of typical circuits 
encountered in the field and are not intended to be allHinclusive. 
The noted styles are as indicated in Table 3-5, Table 3-6, 
Table 3-7, and Table 5-5.3.2.2.2.3. 
The noted systems are as indicated in NFPA 170, Standard 
for Fire Safety Symbols. 
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Because ground-fault detection is not required for all cir- 
cuits, tests for ground-fault detection should be limited to 
those circuits equipped with ground-fault detection. 

An individual point-identifying (addressable) initiating 
device operates on a signaling line circuit and not on a Style 
A, B, C, D, or E (Class B and Class A) initiating device circuit. 

All of the following initiating device circuits are illustrative 
of either alarm or supervisory signaling. Alarm-initiating 
devices and supervisory initiating devices are not permitted on 
the same initiating device circuit. 

In addition to losing its ability to receive an alarm from an 
initiating device located beyond an open fault, a Style A (Class 
B) initiating device circuit also loses its ability to receive an 
alarm when a single ground fault is present. 

Style C and Style E (Class B and Class A) initiating device cir- 
cuits can discriminate between an alarm condition and a wire- 
to-wire short. In these circuits, a wire-to-wire short provides a 
trouble indication. However, a wire-to-wire short prevents alarm 
operation. Shorting-type initiating devices cannot be used with- 
out an additional current or voltage limiting element. 

Directly-connected system smoke detectors, commonly 
referred to as two-wire detectors, should be listed as being 
electrically and functionally compatible with the control unit 
and the specific subunit or module to which they are con- 
nected. If the detectors and the units or modules are not com- 
patible, it is possible that, during an alarm condition, the 
detector’s visible indicator will illuminate, but no change of 
state to the alarm condition will occur at the control unit. 
Incompatibility can also prevent proper system operation at 
extremes of operating voltage, temperature, and other envi- 
ronmental conditions. 

Where two or more two-wire detectors with integral relays 
are connected to a single initiating device circuit and their 
relay contacts are used to control essential building functions 
(for example, fan shutdown, elevator recall), it should be 
clearly noted that the circuit might be capable of supplying 
only enough energy to support one detector/relay combina- 
tion in an alarm mode. If control of more than one building 
function is required, each detector/relay combination used to 
control separate functions should be connected to separate 
initiating device circuits, or they should be connected to an 
initiating device circuit that provides adequate power to allow 
all the detectors connected to the circuit to be in the alarm 
mode simultaneously. During acceptance and reacceptance 
testing, this feature should always be tested and verified. 

A speaker is an alarm-indicating appliance, and, if used as 
shown in the following diagrams, the principle of operation 
and supervision is the same as for other audible alarm indicat- 
ing appliances (for example, bells and horns). 

The testing of supervised remote relays is to be conducted 
in the same manner as for indicating appliances. 


(a) Wiring Diagrams. 


NOTE: When testing circuits, the correct wiring size, insula- 
tion type, and conductor fill should be verified in accordance 
with the requirements of NFPA 70, National Electrical Code. 


(1) Nonpowered Alarm-Initiating or Supervisory-Initiating Devices 
(e.g., Manual Station or Valve Supervisory Switch) Connected to 
Style A, B, or C Initiating Device Circuits. Disconnect conduc- 
tor at device or control unit, then reconnect. Temporarily 
connect a ground to either leg of conductors, then remove 
ground. Both operations should indicate audible and 
visual trouble with subsequent restoration at control unit. 
Conductor-to-conductor short should initiate alarm. Style 
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A and Style B (Class B) indicate trouble Style C (Class B). 
Style A (Class B) does not initiate alarm while in trouble 
condition. 


Figure A-7-2.2(a)(1) Nonpowered alarm-initiating or supervisory-ini- 
tiating devices connected to Style A, B, or C initiating device circuits. 
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(2) Nonpowered Alarm-Initiating or Supervisory-Initiating Devices 
Connected to Style D or E Initiating Device Circuits. Disconnect 
a conductor at a device at midpoint in the circuit. Operate 
a device on either side of the device with the disconnected 
conductor. Reset control unit and reconnect conductor. 
Repeat test with a ground applied to either conductor in 
place of the disconnected conductor. Both operations 
should indicate audible and visual trouble, then alarm or 
supervisory indication with subsequent restoration. 


Figure A-7-2.2(a)(2) Nonpowered alarm-initiating or supervisory-ini- 
tiating devices connected to Style D or E initiating device circuits. 
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(3) Circuit-Powered (Two-Wire) Smoke Detectors for Style A, B, or C 
Initiating Device Circuits. Remove smoke detector where 
installed with plug-in base or disconnect conductor from 
control unit beyond first device. Activate smoke detector 
per manufacturer’s recommendations between control 
unit and circuit break. Restore detector or circuit, or 
both. Control unit should indicate trouble where fault 
occurs and alarm where detectors are activated between 
the break and the control unit. 


Figure A-7-2.2(a)(3) Circuit-powered (two-wire) smoke detectors for 
Style A, B, or C initiating device circuits. 
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(4) Circuit-Powered (Two-Wire) Smoke Detectors for Style D or E Ini- 
tiating Device Circuits. Disconnect conductor at a smoke 
detector or remove where installed with a plug-in base at 
midpoint in the circuit. Operate a device on either side 
of the device with the fault. Reset control unit and recon- 
nect conductor or detector. Repeat test with a ground 
applied to either conductor in place of the disconnected 
conductor or removed device. Both operations should 
indicate audible and visual trouble, then alarm indica- 
tion with subsequent restoration. 


Figure A-7-2.2(a)(4) Circuit-powered (two-wire) smoke detectors for 
Styles D or E initiating device circuits. 
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(5) Combination Alarm-Initiating Device and Indicating Appliance 
Circuits. Disconnect a conductor either at indicating or 
initiating device. Activate initiating device between the 
fault and the control unit. Activate additional smoke 
detectors between the device first activated and the con- 
trol unit. Restore circuit, initiating devices, and control 
unit. Confirm that all indicating appliances on the circuit 
operate from the control unit up to the fault and that all 
smoke detectors tested and their associated ancillary 
functions, if any, operate. 


Figure A-7-2.2(a)(5) Combination alarm-initiating device and indicat- 
ing appliance circuits. 
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(6) Combination Alarm-Initiating Device and Indicating Appliance 
Circuits Arranged for Operation with a Single Open or Ground 
Fault. Testing of the circuit is similar to that described in 
(e). Confirm that all indicating appliances operate on 
either side of fault. 


Figure A-7-2.2(a)(6) Combination alarm-initiating device and indicat- 
ing appliance circuits arranged for operation with a single open or 
ground fault. 
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(7) Style A, B, or C Circuits with Four-Wire Smoke Detectors and an 
End-of-Line Power Supervision Relay. Testing of the circuit is 
similar to that described in (c) and (d). Disconnect a leg 
of the power supply circuit beyond the first device on the 
circuit. Activate initiating device between the fault and 
the control unit. Restore circuits, initiating devices, and 
control unit. Audible and visual trouble should indicate 
at the control unit where either the initiating or power 
circuit is faulted. All initiating devices between the circuit 
fault and the control unit should activate. In addition, 
removal of a smoke detector from a plug-in-type base can 
also break the power supply circuit. Where circuits con- 
tain various powered and nonpowered devices on the 
same initiating circuit, verify that the nonpowered 
devices beyond the power circuit fault can still initiate an 
alarm. A return loop should be brought back to the last 
powered device and the power supervisory relay to incor- 
porate into the end-of-line device. 


Figure A-7-2.2(a)(7) Style A, B, or C circuits with four-wire smoke de- 
tectors and an end-of-line power supervision relay. 
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(8) Style A, B, or C Initiating Device Circuits with Four-Wire Smoke 
Detectors that Include Integral Individual Supervision Relays. 
Testing of the circuit is similar to that described in (c) 
with the addition of a power circuit. 
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Figure A-7-2.2(a)(8) Style A, B, or C initiating device circuits with 
four-wire smoke detectors that include integral individual supervision 
relays. 
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(9) Alarm Indicating Appliances Connected to Styles W and Y (Two- 
Wire) Circuits. Testing of the indicating appliances con- 
nected to Style W and Style Y (Class B) is similar to that 
described in (c). 


Figure A-7-2.2(a)(9) Alarm indicating appliances connected to Styles 
W and Y (two-wire) circuits. 
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(10) Alarm Indicating Appliances Connected to Styles X and Z (Four- 
Wire) Circuits. Testing of the indicating appliances con- 
nected to Style X and Style Z (Class B and Class A) is sim- 
ilar to that described in (d). 


Figure A-7-2.2(a)(10) Alarm indicating appliances connected to 
Styles X and Z (four-wire) circuits. 
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(11) System with a Supervised Audible Indicating Appliance Circuit 
and an Unsupervised Visible Indicating Appliance Circuit. 
Testing of the indicating appliances connected to Style X 
and Style Z (Class B and Class A) is similar to that 
described in (d). 


Figure A-7-2.2(a)(11) Supervised audible indicating appliance circuit 
and an unsupervised visible indicating appliance circuit. 
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(12) System with Supervised Audible and Visible Indicating Appli- 
ance Circuits. Testing of the indicating appliances con- 
nected to Style X and Style Z (Class B and Class A) is 
similar to that described in (d). 


Figure A-7-2-2(a)(12) Supervised audible and visible indicating appli- 
ance circuits. 
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(13) Series Indicating Appliance Circuit, which No Longer Meets the 
Requirements of NFPA 72. An open fault in the circuit wir- 
ing should cause a trouble condition. 


Figure A-7-2.2(a)(13) Series indicating appliance circuit. 
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(14) Supervised Series Supervisory-Initiating Circuit with Sprinkler 
Supervisory Valve Switches Connected, which No Longer Meets 
the Requirements of NFPA 72. An open fault in the circuit 
wiring of operation of the valve switch (or any supervisory 
signal device) should cause a trouble condition. 


Figure A-7-2.2(a)(14) Supervised series supervisory-initiating circuit 
with sprinkler supervisory valve switches connected. 
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(15) Initiating Device Circuit with Parallel Waterflow Alarm 
Switches and a Series Supervisory Valve Switch, which No 
Longer Meets the Requirements of NFPA 72. An open fault in 
the circuit wiring or operation of the valve switch should 
cause a trouble signal. 


Figure A-7-2.2(a)(15) Initiating device circuit with parallel waterflow 
alarm switches and a series supervisory-valve switch. 
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(16) System Connected to a Municipal Fire Alarm Master Box Cir- 
cuit. Disconnect a leg of municipal circuit at master box. 
Verify alarm sent to public communications center. Dis- 
connect leg of auxiliary circuit. Verify trouble condition 
on control unit. Restore circuits. Activate control unit 
and send alarm signal to communications center. Verify 
control unit in trouble condition until master box reset. 


Figure A-7-2.2(a)(16) System connected to a municipal fire alarm 


master box circuit. 
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(17) Auxiliary Circuit Connected to a Municipal Fire Alarm Master 
Box. For operation with a master box, an open or ground 
fault (where ground detection is provided) on the circuit 
should result in a trouble condition at the control unit. A 
trouble signal at the control unit should persist until the 
master box is reset. For operation with a shunt trip master 
box, an open fault in the auxiliary circuit should cause an 
alarm on the municipal system. 


Figure A-7-2.2(a)(17) Auxiliary circuit connected to a municipal fire 
alarm master box. 
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(b) Circuit Styles. 


NOTE: Some testing laboratories and authorities having 
jurisdiction permit systems to be classified as a Style 7 (Class A) 
by the application of two circuits of the same style operating in 
parallel. An example of this is to take two series circuits, either 
Style 0.5 or Style 1.0 (Class B), and operate them in parallel. 
The logic is that if a condition occurs on one of the circuits, the 
other parallel circuit remains operative. 


In order to understand the principles of the circuit, alarm 
receipt capability should be performed on a single circuit, and 
the style type, based on the performance, should be indicated 
on the record of completion. 


(1) Style 0.5. This signaling circuit operates as a series circuit in 


performance. This is identical to the historical series audi- 
ble signaling circuits. Any type of break or ground in one 
of the conductors, or the internal of the multiple interface 
device, and the total circuit is rendered inoperative. 


To test and verify this type of circuit, either a conductor 
should be lifted or an earth ground should be placed on 
a conductor or a terminal point where the signaling cir- 
cuit attaches to the multiplex interface device. 


(2) Style 0.5(a) (Class B) Series. Style 0.5(a) functions so that, 
when a box is operated, the supervisory contacts open, 
making the succeeding devices nonoperative while the 
operating box sends a coded signal. Any alarms occur- 
ring in any successive devices will not be received at the 
receiving station during this period. 


Figure A-7-2.2(b)(2) Style 0.5(a) (Class B) series. 
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(3) Style 0.5(b) (Class B) Shunt. The contact closes when the 
device is operated and remains closed to shunt out the 
remainder of the system until the code is complete. 


Figure A-7-2.2(b)(3) Style 0.5(b) (Class B) shunt. 
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(4) Style 0.5(c) (Class B) Positive Supervised Successive. An open 
or ground fault on the circuit should cause a trouble con- 
dition at the control unit. 


Figure A-7-2.2(b)(4) Style 0.5(c) (Class B) positive supervised succes- 
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Style 1.0 (Class B). This is a series circuit identical to the 
diagram for Style 0.5, except that the fire alarm system 
hardware has enhanced performance. A single earth 
ground can be placed on a conductor or multiplex inter- 
face device, and the circuit and hardware still have alarm 
operability. 

If a conductor break or an internal fault occurs in the 
pathway of the circuit conductors, the entire circuit 
becomes inoperative. 

To verify alarm receipt capability and the resulting 
trouble signal, place an earth ground on one of the con- 
ductors or at the point where the signaling circuit 
attaches to the multiplex interface device. One of the 
transmitters or an initiating device should then be placed 
into alarm. 


Figure A-7-2.2(b)(5)(a) Style 1.0 (Class B). 
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Figure A-7-2.2(b)(5)(b) Typical transmitter layout. 
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Typical McCulloh Loop. This is the central station 
McCulloh redundant-type circuit and has alarm receipt 
capability on either side of a single break. 


a. To test, lift one of the conductors and operate a trans- 
mitter or initiating device on each side of the break. 
This activity should be repeated for each conductor. 

b. Place an earth ground on a conductor and operate a 
single transmitter or initiating device to verify alarm 
receipt capability and trouble condition for each con- 
ductor. 

c. Repeat the instructions of (a) and (b) at the same 
time and verify alarm receipt capability, and verify that 
a trouble condition results. 
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Figure A-7-2.2(b)(6) Typical McCulloh loop. 
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(7) Style 3.0 (Class B). This is a parallel circuit in which multi- 
plex interface devices transmit signal and operating 
power over the same conductors. The multiplex interface 
devices might be operable up to the point of a single 
break. Verify by lifting a conductor and causing an alarm 
condition on one of the units between the central alarm 
unit and the break. Either lift a conductor to verify the 
trouble condition or place an earth ground on the con- 
ductors. Test for all the valuations shown on the signaling 
table. 


On ground-fault testing, verify alarm receipt capability 


by actuating a multiplex interface initiating device or a 
transmitter. 


Figure A-7-2.2(b)(7) Style 3.0 (Class B). 


<— Operational > Nonoperational ————> 


Ld 


ae End-of-line 
Transponder device at 
Fire alarm control unit last device 


(8) Style 3.5 (Class B). Repeat the instructions for Style 3.0 
(Class B) and verify the trouble conditions by either lift- 
ing a conductor or placing a ground on the conductor. 


Figure A-7-2.2(b)(8) Style 3.5 (Class B). 
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(9) Style 4.0 (Class B). Repeat the instructions for Style 3.0 
(Class B) and include a loss of carrier where the signal is 
being used. 
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Figure A-7-2.2(b)(9) Style 4.0 (Class B). 


<— Operational _ Nonoperational ————> 
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. End-of-line 
Transponder device at 
Fire alarm control unit last device 


(10) Style 4.5 (Class B). Repeat the instructions for Style 3.5 
(Class B). Verify alarm receipt capability while lifting a 
conductor by actuating a multiple interface device or 
transmitter on each side of the break. 


Figure A-7-2.2(b)(10) Style 4.5 (Class B). 
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(11) Style 5.0 (Class A). Verify the alarm receipt capability and 
trouble annunciation by lifting a conductor and actuat- 
ing a multiplex interfacing device or a transmitter on 
each side of the break. For the earth ground verification, 
place an earth ground and certify alarm receipt capability 
and trouble annunciation by actuating a single multiplex 
interfacing device or a transmitter. 


Figure A-7-2.2(b)(11) Style 5.0 (Class A). 


<«—— Operational —|.—— Operational ——————> 
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(12) Style 6.0 (Class A).Repeat the instructions for Style 2.0 
[Class A (a) through (c)]. Verify the remaining steps for 
trouble annunciation for the various combinations. 
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Figure A-7-2.2(b)(12) Style 6.0 (Class A). 


<—— Operational —|.—_ Operational ——————> 
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(13) Style 6.0 (with Circuit Isolators) (Class A). For the portions of 
the circuits electrically located between the monitoring 
points of circuit isolators, follow the instructions for a 
Style 7.0 (Class A) circuit. It should be clearly noted that 
the alarm receipt capability for remaining portions of the 
circuit protection isolators is not the capability of the cir- 
cuit, but is permitted with enhanced system capabilities. 


Figure A-7-2.2(b)(13) Style 6.0 (with circuit isolators) (Class A). 
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(14) Style 7.0 (Class A). Repeat the instructions for testing of 
Style 6.0 (Class A) for alarm receipt capability and trou- 
ble annunciation. 


NOTE 1: A portion of the circuit between the alarm proces- 
sor or central supervising station and the first circuit isolator 
does not have alarm receipt capability in the presence of a wire- 
to-wire short. The same is true for the portion of the circuit 
from the last isolator to the alarm processor or the central 
supervising station. 


NOTE 2: Some manufacturers of this type of equipment have 
isolators as part of the base assembly. Therefore, in the field, 
this component might not be readily observable without the 
assistance of the manufacturer’s representative. 


Figure A-7-2.2(b)(14)(a) Style 7.0 (Class A). 
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Figure A-7-2.2(b)(14)(b) Low-power radio (wireless) fire alarm 


system. 


CP = Wireless control panel 


(with power supply and standby power) 


= Wireless repeater 
(with power supply and standby power) 


R 
D = Wireless initiating, indicating, and control device 
(either primary battery or primary standby battery) 


Figure A-7-2.2(b)(14)(c) Two-way RF multiplex systems. 
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Figure A-7-2.2(b)(14)(d) One-way radio alarm system. 
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RAT = Radio alarm transmitter 
RARSR = Radio alarm repeater station receiver 
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Figure A-7-2.2(b)(14)(e) One-way radio alarm system. 


RAT = Radio alarm transmitter 
RARSR = Radio alarm repeater station receiver 
RASSR = Radio alarm supervising station receiver 


Figure A-7-2.2(b)(14)(f) Style 4 fiber network. 


Style 4 fiber network where the panel 
has a two-way path communications 
capability. Using multimode fiber for 
short distances and single mode fiber 
if for long distances. Repeaters used 
to increase distances as needed. 


CC  =Control center 
FACP = Fire alarm control panel 


Figure A-7-2.2(b)(14)(g) Style 4 fiber network. 


Style 4 fiber network where the panel has a two-way path 
communications capability. A single break separates the 
system into two LANs both with Style 4 capabilities. 


CC  =Control center 
FACP = Fire alarm control panel 
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Figure A-7-2.2(b)(14)(h) Style 4 fiber network. 


FACP 
PACP Break 
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open 
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FACP or 


a alls open 


Style 4 fiber network where the panel has a two-way path 
communications capability. A double break isolates the 
panels and the control center in this case. In this case, 
there is one LAN and one isolated panel operating on its 
own. Control center is isolated completely with no 
communications with the network. 


CC =Control center 
FACP = Fire alarm control panel 


Figure A-7-2.2(b)(14)(i) Style 7 fiber network. 


Style 7 fiber network where the panel has a two-way path 
communications capability with the two breaks now 
breaking into two LANs, both functioning as independent 
networks with the same Style 7 capabilities. 


CC  =Control center 
FACP = Fire alarm control panel 
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Figure A-7-2.2(b)(14)(j) Style 7 fiber network. 


Style 7 fiber network where the panel has a two-way path 
communications capability, with one break. System remains 
as one LAN and meets Style 7. 


CC = Control center 
FACP = Fire alarm control panel 


Figure A-7.2.2(b)(14)(k) Style 7 fiber network. 


Style 7 fiber network where the panel has a two-way path 
communications capability. 


CC  =Control center 
FACP = Fire alarm control panel 


(c) Batteries. To maximize battery life, nickel-cadmium bat- 
teries should be charged as in Table A-7-2.2(c) (1). 


Table A-7-2.2(c)(1) Voltage for Nickel-Cadmium Batteries 


Float voltage 1.42 volts/cell + 0.01 volt 


High rate voltage 1.58 volts/cell + 0.07 volt — 0.00 volt 


Note: High and low gravity voltages are (+) 0.07 volt and (—) 0.03 volt, 


respectively. 


To maximize battery life, the battery voltage for lead-acid 
cells should be maintained within the limits shown in Table 
A-7-2.2(c) (2). 


Table A-7-2.2(c)(2) Voltage for Lead-Acid Batteries 


High-Gravity Low-Gravity 

Battery (Lead Battery (Lead 
Float Voltage Calcium) Antimony) 
Maximum 2.25 volts/cell 2.17 volts/cell 
Minimum 2.20 volts/cell 2.13 volts/cell 
High rate _ 2.33 volts/cell 
voltage 


The following procedure is recommended for checking the 
state of charge for nickel-cadmium batteries: 


(1) The battery charger should be switched from float to 
high-rate mode. 

(2) The current, as indicated on the charger ammeter, will 
immediately rise to the maximum output of the charger, 
and the battery voltage, as shown on the charger voltme- 
ter, will start to rise at the same time. 

(3) The actual value of the voltage rise is unimportant, 
because it depends on many variables. The length of time 
it takes for the voltage to rise is the important factor. 

(4) If, for example, the voltage rises rapidly in a few minutes, 
then holds steady at the new value, the battery is fully 
charged. At the same time, the current will drop to 
slightly above its original value. 

(5) In contrast, if the voltage rises slowly and the output cur- 
rent remains high, the high-rate charge should be contin- 
ued until the voltage remains constant. Such a condition 
is an indication that the battery is not fully charged, and 
the float voltage should be increased slightly. 


A-7-2.2, Table Line/Item 6.c.1. Example: 4000 mAh x !/9, = 
160 mA charging current at 25°C (77°F). 


A-7-2.2 Table Line/Item 7(c). The voltmeter sensitivity has 
been changed from 1000 ohms per volt to 100 ohms per volt 
so that false ground readings (caused by induced voltages) are 
minimized. 


A-7-2.2, Table Line/Item 13.a.2. Fusible thermal link detec- 
tors are commonly used to close fire doors and fire dampers. 
They are actuated by the presence of external heat, which 
causes a solder element in the link to fuse, or by an electric 
thermal device, which, when energized, generates heat within 
the body of the link, causing the link to fuse and separate. 


A-7-3.1 Equipment performance can be affected by building 
modifications, occupancy changes, changes in environmental 
conditions, device location, physical obstructions, device ori- 
entation, physical damage, improper installation, degree of 
cleanliness, or other obvious problems that might not be indi- 
cated through electrical supervision. 


A-7-3.2 It is suggested that the annual test be conducted in 
segments so that all devices are tested annually. 


A-7-3.2.1 Detectors that cause unwanted alarms should be 
tested at their lower listed range (or at 0.5 percent obscuration 
if unmarked or unknown). Detectors that activate at less than 
this level should be replaced. 


A-7-3.2.4 The addressable term was determined by the Tech- 
nical Committee in Formal Interpretation 79-8 on NFPA 72D 
and Formal Interpretation 87-1 on NFPA 72A. 
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A-7-5.1 For final determination of record retention, refer to 
7-3.2.1 for sensitivity options. 


A-7-5.2.2(9) One method used to define the required sequence 
of operations and to document the actual sequence of opera- 
tions is an input/output matrix. [Refer to Figure A-7-5.2.2(9).] 


A-8-1 Household Fire Warning Protection. 


(a) Fire Danger in the Home. Fire is the third leading cause of 
accidental death. Residential occupancies account for most 
fire fatalities, and most of these deaths occur at night during 
the sleeping hours. 

Most fire injuries also occur in the home. It is estimated 
that 1.5 million Americans are injured by fire each year. Many 
never resume normal lives. 

It is estimated that each household will experience three 
(usually unreported) fires per decade and two fires serious 
enough to report to a fire department per lifetime. 

(b) Fire Safety in the Home. NFPA 72 is intended to provide 
reasonable fire safety for persons in family living units. Rea- 
sonable fire safety can be produced through the following 
three-point program: 


(1) Minimizing fire hazards 
(2) Providing a fire warning system 
(3) Having and practicing an escape plan 

(c) Minimizing Fire Hazards. This code cannot protect all 
persons at all times. For instance, the application of this code 
might not provide protection against the following three tra- 
ditional fatal fire scenarios: 


Figure A-7-5-2.2(9) Typical input/output matrix. 


(1) Smoking in bed 
(2) Leaving children home alone 
(3) Cleaning with flammable liquids such as gasoline 


However, Chapter 8 can lead to reasonable safety from fire 
when the three points under A-8-1(b) are observed. 


(d) Fire Warning System. There are two types of fire to which 
household fire warning equipment needs to respond. One is a 
rapidly developing, high-heat fire. The other is a slow, smol- 
dering fire. Either can produce smoke and toxic gases. 


Household fires are especially dangerous at night when the 
occupants are asleep. Fires produce smoke and deadly gases 
that can overcome occupants while they are asleep. Further- 
more, dense smoke reduces visibility. Most fire casualties are 
victims of smoke and gas inhalation rather than burns. To 
warn against a fire, Chapter 8 requires smoke detectors in 
accordance with 8-1.4.1 and recommends heat or smoke 
detectors in all other major areas. [Refer to A-S-1.2.1(c).] 


(e) Family Escape Plan. There often is very little time 
between the detection ofa fire and the time it becomes deadly. 
This interval can be as little as 1 or 2 minutes. Thus, this code 
requires detection means to give a family some advance warn- 
ing of the development of conditions that become dangerous 
to life within a short period of time. Such warning, however, 
could be wasted unless the family has planned in advance for 
rapid exit from their residence. Therefore, in addition to the 
fire warning system, this code requires exit plan information 
to be furnished. 


System Outputs 


Control Unit Annunciation 


Notification Supplementary 


Required Fire Safety Control 


System Inputs 


A|B J IG 

1_| Manual fire alarm boxes - ist floor e/|e e @|1 
3 |Manual fire alarm boxes — 3rd floor e\e e @\e/(3 
4 [Smoke detectors — 1st floor @/|e e @\4 
5 [Smoke detectors - 3rd floor e\e e @[5 
6 [Smoke detectors - ist floor @|e C) @\6 
7 [Smoke detectors — ist floor elev. lobby @|e e @l7 
8 [2nd floor computer rm. smoke det.-zone 1 e tT) CE: 
Q [2nd floor computer rm. smoke det.-zone 2 OW e Clo 
10]In-duct smoke detector — supply fan 1 e\e @ |10] 
11[In-duct smoke detector - supply fan 2 e\e e @ly 
12|In-duct smoke detector - ist floor return e\e @l42| 
43|In-duct smoke detector - 2nd floor return CI) e @ 113 
44[In-duct smoke detector = 3rd floor return e\e e @l14 
15|Heat detectors - ist floor mech. rm. @|e e@ @145' 
16|Heat detectors - 2nd floor storage room e\|e e @li6 
17|Heat detectors - 3rd floor janitor's closet e|e e e 

18] Waterflow - 1st floor e|e e @ lis 
19|Waterflow - 2nd floor ele e @\19 
20| Waterflow — 3rd floor CK) e@ @/@/20 
21|Sprinkler control valve — 1st floor ele 21 
22/Sprinkler control valve — 2nd floor ele 20 
(23 [Sprinkler control valve — 3rd floor ele 23 
24| Fire pump running e\|e @ (24 
25| Fire pump power failure/phase reversal @|e 25 
26|Fire alarm ac power failure e\e 26 
27|Fire alarm system low battery @\e @ 27 
28| Open circuit e\e e@ 28 
'29| Ground fault @\e e 29 
30] Notification appliance circuit short OW e@ 30 
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Planning and practicing for fire conditions with a focus on 
rapid exit from the residence are important. Drills should be 
held so that all family members know the action to be taken. 
Each person should plan for the possibility that exit out of a 
bedroom window could be necessary. An exit out of the resi- 
dence without the need to open a bedroom is essential. 


(f) Special Provisions for the Disabled. For special circum- 
stances where the life safety of an occupant(s) depends on 
prompt rescue by others, the fire warning system should 
include means of prompt automatic notification to those who 
are to be depended on for rescue. 


A-8-1.1 Chapter 8 does not attempt to cover all equipment, 
methods, and requirements that might be necessary or advan- 
tageous for the protection of lives and property from fire. 


NFPA 72 is a “minimum code.” It provides a number of 
requirements related to household fire-warning equipment 
that are deemed to be the practical and necessary minimum 
for average conditions at the present state of the art. 


A-8-1.1.2 Good fire protection requires that the equipment 
periodically be maintained. If the householder is unable to 
perform the required maintenance, a maintenance agree- 
ment should be considered. 


A-8-1.2.1 One of the most critical factors of any fire alarm sys- 
tem is the location of the fire-detecting devices. This appendix 
is not a technical study. It is an attempt to provide some fun- 
damentals on detector location. For simplicity, only those 
types of detectors recognized by Chapter 8 (that is, smoke and 
heat detectors) are discussed. In addition, special problems 
requiring engineering judgment, such as locations in attics 
and in rooms with high ceilings, are not covered. 


(a) Where to Locate the Required Smoke Detectors in Existing Con- 
struction. The major threat from fire in a family living unit 
occurs at night when everyone is asleep. The principal threat 
to persons in sleeping areas comes from fires in the remainder 
of the unit. Therefore, a smoke detector(s) is best located 
between the bedroom areas and the rest of the unit. In units 
with only one bedroom area on one floor, the smoke detec- 
tor(s) should be located as shown in Figure A-8-1.2.1 (a). 


In family living units with more than one bedroom area or 
with bedrooms on more than one floor, more than one smoke 
detector is required, as shown in Figure A-8-1.2.1(b). 


In addition to smoke detectors outside of the sleeping areas, 
Chapter 8 requires the installation of a smoke detector on each 
additional story of the family living unit, including the basement. 
These installations are shown in Figure A-8-1.2.1(c). The living 
area smoke detector should be installed in the living room or 
near the stairway to the upper level, or in both locations. The 
basement smoke detector should be installed in close proximity 
to the stairway leading to the floor above. Where installed on an 
open-oisted ceiling, the detector should be placed on the bot- 
tom of the joists. The detector should be positioned relative to 
the stairway so as to intercept smoke coming from a fire in the 
basement before the smoke enters the stairway. 


(b) Where to Locate the Required Smoke Detectors in New Con- 
struction. All of the smoke detectors specified in A-8-1.2.1(a) 
for existing construction are required, and, in addition, a 
smoke detector is required in each bedroom. 


Figure A-8-1.2.1(a) A smoke detector should be located between the 
sleeping area and the rest of the family living unit. 
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Figure A-8-1.2.1(b) In family living units with more than one sleeping 
area, a smoke detector should be provided to protect each sleeping 
area in addition to detectors required in bedrooms. 
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Bedroom 


Figure A-8-1.2.1(c) A smoke detector should be located on each 
story. 


Bedroom Bedroom 


Basement 


(c) Are More Smoke Detectors Desirable? The required number 
of smoke detectors might not provide reliable early warning 
protection for those areas separated by a door from the areas 
protected by the required smoke detectors. For this reason, it 
is recommended that the householder consider the use of 
additional smoke detectors for those areas for increased pro- 
tection. The additional areas include the basement, bed- 
rooms, dining room, furnace room, utility room, and hallways 
not protected by the required smoke detectors. The installa- 
tion of smoke detectors in kitchens, attics (finished or unfin- 
ished), or garages is not normally recommended, as these 
locations occasionally experience conditions that can results 
in improper operation. 


A-8-1.2.2 At times, depending on conditions, the audibility of 
detection devices could be seriously impaired when occupants 
are within the bedroom area. For instance, there might be a 
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noisy window air conditioner or room humidifier generating 
an ambient noise level of 55 dBA or higher. The detection 
device alarms need to penetrate through the closed doors and 
be heard over the bedroom’s noise levels with sufficient inten- 
sity to awaken sleeping occupants therein. Test data indicate 
that detection devices that have sound pressure ratings of 85 
dBA of 10 ft (3 m) and that are installed outside the bedrooms 
can produce about 15 dBA over ambient noise levels of 55 dBA 
in the bedrooms. This is likely to be sufficient to awaken the 
average sleeping person. 


Detectors located remote from the bedroom area might 
not be loud enough to awaken the average person. In such 
cases, it is recommended that detectors be interconnected in 
such a way that the operation of the remote detector causes an 
alarm of sufficient intensity to penetrate the bedrooms. The 
interconnection can be accomplished by the installation of a 
fire detection system, by the wiring together of multiple sta- 
tion alarm devices, or by the use of line carrier or radio fre- 
quency transmitters/receivers. 


A-8-1.2.3 The use of the distinctive three-pulse temporal pat- 
tern fire alarm evacuation signal required by 3-8.4.1.2 had been 
previously recommended by this code since 1979. It has since 
been adopted as both an American National Standard (ANSI 
$3.41, Audible Emergency Evacuation Signal) and an International 
Standard (ISO 8201, Audible Emergency Evacuation Signal). 


Copies of both of these standards are available from the 
Standards Secretariat, Acoustical Society of America, 335 East 
45th Street, New York, NY 10017-3483. 


The standard fire alarm evacuation signal is a three-pulse 
temporal pattern using any appropriate sound. The pattern 
consists of the following in this order: 


(1) An on phase lasting 0.5 second + 10 percent. 


(2) An off phase lasting 0.5 second + 10 percent for three suc- 
cessive on periods. 


(3) An off phase lasting 1.5 seconds + 10 percent [refer to Fig- 
ures A-8-1.2.3(a) and (b)]. The signal should be repeated 
for a period appropriate for the purposes of evacuation 
of the building, but for not less than 180 seconds. A sin- 
gle-stroke bell or chime sounded at on intervals lasting 
1 second + 10 percent, with a 2-second + 10 percent off 
interval after each third on stroke, may be permitted 
[refer to Figure A-8-1.2.3(c)]. 


The minimum repetition time may be permitted to be 
manually interrupted. 


Figure A-8-1.2.3(a) Temporal pattern parameters. 


| (a) |) | @)| ©) | @ (c) |) | 


Cycle 


Key: 

Phase (a) signal is on for 0.5 sec + 10% 

Phase (b) signal is off for 0.5 sec + 10% 

Phase (c) signal is off for 1.5 sec + 10% [(c) = (a) + 2(b)] 
Total cycle lasts for 4 sec + 10% 


Time (sec) 
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Figure A-8-1.2.3(b) Temporal pattern imposed on signaling applianc- 
es that emit a continuous signal while energized. 
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Figure A-8-1.2.3(c) Temporal pattern imposed on a single-stroke bell 
or chime. 
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A-8-1.2.4 Location and Type of Devices. 


(a) Smoke Detector Mounting — Dead Air Space. The smoke 
from a fire generally rises to the ceiling, spreads out across the 
ceiling surface, and begins to bank down from the ceiling. The 
corner where the ceiling and wall meet is an air space into 
which the smoke could have difficulty penetrating. In most 
fires, this dead air space measures about 4 in. (0.1 m) along 
the ceiling from the corner and about 4 in. (0.1 m) down the 
wall, as shown in Figure A-8-1.2.4(a). Detectors should not be 
placed in this dead air space. 


Figure A-8-1.2.4(a) Example of proper mounting of detectors. 
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7. 


Smoke and heat detectors should be installed in those loca- 
tions recommended by the manufacturer, except in those 
cases where the space above the ceiling is open to the outside 
and little or no insulation is present over the ceiling. Such 
cases result in the ceiling being excessively cold in the winter 
or excessively hot in the summer. Where the ceiling is signifi- 
cantly different in temperature from the air space below, 
smoke and heat have difficulty reaching the ceiling and a 
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detector that is located on that ceiling. In this situation, place- 
ment of the detector on a sidewall, with the top 4 in. to 12 in. 
(0.1 m to 0.3 m) from the ceiling is recommended. 


The situation described above for uninsulated or poorly 
insulated ceilings can also exist, to a lesser extent, in outside 
walls. The recommendation is to place the smoke detector on 
a sidewall. However, where the sidewall is an exterior wall with 
little or no insulation, an interior wall should be selected. It 
should be recognized that the condition of inadequately insu- 
lated ceilings and walls can exist in multiple dwelling unit 
housing (apartments), single dwelling unit housing, and 
mobile homes. 


In those family living units employing radiant heating in 
the ceiling, the wall location is the recommended location. 
Radiant heating in the ceiling can create a hot-air, boundary 
layer along the ceiling surface, which can seriously restrict the 
movement of smoke and heat to a ceiling-mounted detector. 


A 1992 survey of more than 1000 homes conducted by the 
U.S. Consumer Product Safety Commission found that 25 per- 
cent of the smoke alarms failed to operate when tested with 
smoke and the integral test button. Of these, 60 percent were 
restored to operation simply by installing a new battery or 
reconnecting the ac power. Most owners reported that they 
had disconnected power because of nuisance alarms, over- 
whelmingly related to cooking. Many of these problem smoke 
alarms were located within a few feet of the cooking facilities. 


Locating smoke alarms away from sources of nuisance 
alarms can minimize these problems. Photoelectric-type 
smoke alarms are less likely to alarm from normal cooking 
than are the ionization type and should be considered for 
installation on the floor containing the cooking facilities. 
Some smoke alarms have a temporary silencing means that 
can be activated during cooking to reduce nuisance alarms. 
The two types of smoke alarms are equally susceptible to steam 
from bathrooms but locating them at least 3 ft from the bath- 
room door should minimize such problems. Having both 
types of smoke alarms in a home is a good idea from the view- 
point of response to different types of fires, but where inter- 
connected it is important to make sure that the interconnect 
circuits are compatible. 


(b) Heat Detection. 


(1) General. While Chapter 8 does not require heat detectors 
as part of the basic protection scheme, it is recom- 
mended that the householder consider the use of addi- 
tional heat detectors for the same reasons presented 
under A-8-1.2.1(c). The additional areas lending them- 
selves to protection with heat detectors are the kitchen, 
dining room, attic, (finished or unfinished), furnace 
room, utility room, basement, and integral or attached 
garage. For bedrooms, the installation of a smoke detec- 
tor is recommended over the installation of a heat detec- 
tor for protection of the occupants from fires in their 
bedrooms. 


(2) Heat Detector Mounting — Dead Air Space. Heat from a fire 
rises to the ceiling, spreads out across the ceiling surface, 
and begins to bank down from the ceiling. The corner 
where the ceiling and the wall meet is an air space into 
which heat has difficulty penetrating. In most fires, this 
dead air space measures about 4 in. (0.1 m) along the 
ceiling from the corner and 4 in. (0.1 m) down the wall 
as shown in Figure A-8-1.2.4(a). Heat detectors should 
not be placed in this dead air space. 


The placement of the heat detector is critical where maxi- 
mum speed of fire detection is desired. Thus, a logical loca- 
tion for a detector is the center of the ceiling. At this location, 
the detector is closest to all areas of the room. 

If the heat detector cannot be located in the center of the 
ceiling, an off-center location on the ceiling can be used. 

The next logical location for mounting heat detectors is 
on the sidewall. Any detector mounted on the sidewall 
should be located as near as possible to the ceiling. A detec- 
tor mounted on the sidewall should have the top of the 
detector between 4 in. and 12 in. (0.1 m and 0.3 m) from the 
ceiling. [See Figure A-8-1.2.4(a).] 

(3) Spacing of Heat Detectors. If a room is too large for protec- 
tion by a single heat detector, several detectors should be 
used. It is important that they be properly located so all 
parts of the room are covered. (For further information on 
the spacing of detectors refer to Chapter 2.) 

(4) Where the Distance Between Heat Detectors Should be Further 
Reduced. The distance between heat detectors is based on 
data obtained from the spread of heat across a smooth 
ceiling. If the ceiling is not smooth, the placement of the 
detector should be tailored to the situation. 


For instance, with open wood joists, heat travels freely down 
the joist channels so that the maximum distance between detec- 
tors [50 ft (15 m)] can be used. However, heat has trouble 
spreading across the joists, so the distance in this direction should 
be one-half the distance allowed between detectors, as shown in 
Figure A-8-1.2.4(b), and the distance to the wall is reduced to 
12!/, ft (3.8 m). Since one-half of 50 ft (15 m) is 25 ft (7.6 m), the 
distance between detectors across open wood joists should not 
exceed 25 ft (7.6 m), as shown in Figure A-8-1.2.4(b), and the dis- 
tance to the wall is reduced [!/» x 25 ft (7.6 m)] to 12.5 ft (3.8m). 
Detectors should be mounted on the bottom of the joists and not 
up in joist channels. 


Walls, partitions, doorways, ceiling beams, and open joists 
interrupt the normal flow of heat, thus creating new areas to 
be protected. 


Figure A-8-1.2.4(b) Open joists, attics, and extra-high ceilings are 
some of the areas that require special knowledge for installation. 


In addition to the special requirements for heat detectors 
installed on ceilings with exposed joists, reduced spacing also 
might be required due to other structural characteristics of 
the protected area, possible drafts, or other conditions that 
could affect detector operation. 


A-8-1.4.1 Refer to Figure A-8-1.4.1 where required smoke 
detectors are shown. Smoke detectors are optional where a 
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door is not provided between a living room and a recreation 
room. 


Figure A-8-1.4.1 Split level arrangement. 


Living room 


® Optional 


Recreation room 


Basement 


® Indicates required smoke detector 


A-8-1.4.2 One of the common problems associated with resi- 
dential smoke detectors is the nuisance alarms that are usually 
triggered by products of combustion from cooking, smoking, 
or other household particulates. While an alarm for such a 
condition is anticipated and tolerated by the occupant of a 
dwelling unit through routine living experience, the alarm is 
not permitted where it also sounds alarms in other dwelling 
units or in common use spaces. Nuisance alarms caused by 
cooking are a very common occurrence, and inspection 
authorities should be aware of the possible ramifications 
where the coverage is extended beyond the limits of the dwell- 
ing unit. 


A-8-2.1.1 Experience has shown that all hostile fires in dwell- 
ing units generate smoke to some degree. This is also true with 
respect to heat buildup from fires. However, the results of full- 
scale experiments conducted over the past several years in the 
United States, using typical fires in dwelling units, indicate 
that detectable quantities of smoke precede detectable levels 
of heat in nearly all cases. In addition, slowly developing, smol- 
dering fires can produce smoke and toxic gases without a sig- 
nificant increase in the room’s temperature. Again, the results 
of experiments indicate that detectable quantities of smoke 
precede the development of hazardous atmospheres in nearly 
all cases. 


For the above reasons, the required protection in this code 
uses smoke detectors as the primary life safety equipment for 
providing a reasonable level of protection against fire. 


Of course, it is possible to install fewer detectors than 
required in this code. It could be argued that the installation 
of only one fire detector, whether a smoke or heat detector, 
offers some lifesaving potential. While this is true, it is the rec- 
ommendation of NFPA 72 that the smoke detector require- 
ments as stated in 8-2.1.1 are the minimum that should be 
considered. 


The installation of additional detectors of either the smoke 
or heat type should result in a higher degree of protection. 
Adding detectors to rooms that are normally closed off from 
the required detectors increases the escape time because the 
fire does not need to build to the higher level necessary to 
force smoke out of the closed room to the required detector. 
As a consequence, it is recommended that the householder 
consider the installation of additional fire protection devices. 
However, it should be understood that Chapter 8 does not 
require additional detectors over and above those required in 
8-1.4.1. 
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A-8-3.4 If homeowner inspection, testing, and maintenance 
are required or assumed, the equipment should be installed in 
an accessible manner. It is a good practice to establish a spe- 
cific schedule for tests. 


A-8-4.3.2 If screening alarm signals to minimize response to 
false alarms is to be implemented, the following should be 
considered. 


(1) Was the verification call answered at the protected premises? 

(2) Did the respondent provide proper identification? 

(3) Is it necessary for the respondent to identify the cause of 
the alarm signal? 

(4) Should the public service fire communications center be 
notified and advised that an alarm signal was received, 
including the response to the verification call, when an 
authorized respondent states that the fire service 
response is not desired? 

(5) Should the public service fire communications center be 
notified and advised that an alarm signal was received, 
including the response to the verification call, for all 
other situations, including both a hostile fire and no 
answer verification call? 

(6) What other actions should be required by a standard 
operating procedure? 


Appendix B_ Engineering Guide for Automatic Fire 
Detector Spacing 


This appendix is not a part of the requirements of this NEPA doc- 
ument but is included for informational purposes only. 

Users of Appendix B should refer back to the text of NFPA 72 to 
familiarize themselves with the limitations of the design methods sum- 
marized herein. 


B-1 Introduction. 


B-1.1 Scope. Appendix B provides information intended to 
supplement Chapter 2. It includes a procedure for determin- 
ing detector spacing based on the objectives set for the system, 
size, and rate of growth of fire to be detected, various ceiling 
heights, ambient temperatures, and response characteristics 
of the detectors. In addition to providing an engineering 
method for the design of detection systems using plume- 
dependant detectors, heat detectors, and smoke detectors, 
this appendix also provides guidance on the use of radiant 
energy-sensing detectors. 


B-1.2 General. Appendix B has been revised in its entirety 
from previous editions. The correlations originally used to 
develop the tables and graphs for heat and smoke detector 
spacings in the earlier editions have been updated to be con- 
sistent with current research. These revisions correct the 
errors in the original correlations. In earlier editions the 
tables and graphs were based on an assumed heat of combus- 
tion of 20,900 kJ/kg. The effective heat of combustion for 
common cellulosic materials is usually taken to be approxi- 
mately 12,500 kJ/kg. The equations in this appendix were pro- 
duced using test data and data correlations for cellulosic 
(wood) fuels that have a total heat of combustion of about 
12,500 kJ/kg. 


B-1.2.1 For the purposes of this appendix, the heat produced 
by a fire is manifested either as convective heat or radiant heat. 
It is assumed that conductive heat transfer is of little conse- 
quent during the early stages of the development of a fire, 
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where this appendix is relevant. A convective heat release rate 
fraction equal to 75 percent of the total heat release rate has 
been used in this appendix. Users should refer to references 
12 and 13 in C-2 for fuels or burning conditions that are sub- 
stantially different from these conditions. 


B-1.2.2 The design methods for plume-dependant fire detec- 
tors provided in this appendix are based on full-scale fire tests 
funded by the Fire Detection Institute in which all fires were 
geometrically growing flaming fires. (See Environments of Five 
Detectors — Phase 1: Effect of Five Size, Ceiling Height and Material; 
Measurements Vol. I and Analysis Vol. II.) 


B-1.2.3 The guidance applicable to smoke detectors is limited 
to a theoretical analysis based on the flaming fire test data and 
is not intended to address the detection of smoldering fires. 


B-1.2.4 The design methods for plume-dependant fire detec- 
tors do not address the detection of steady-state fires. 


B-1.2.5 The design methods for plume-dependant fire detec- 
tors used in this appendix are only applicable when employed 
in the context of applications where the ceiling is smooth and 
level. It cannot be used for ceilings where there are beams, 
joists, or bays formed by beams and purlins. The research 
upon which the following methods have been based did not 
consider the effect of beams, joists, and bays in sufficient detail 
to justify the use of this appendix to those applications. 


B-1.3 Purpose. The purpose of Appendix B is to provide a 
performance basis for the location and spacing of fire detec- 
tion initiating devices. The sections for heat and smoke detec- 
tors provide an alternative design method to the prescriptive 
approach presented in Chapter 2 (that is, based on their listed 
spacings). The section on radiant energy-sensing detectors 
elaborates on the performance-based criteria already existing 
in Chapter 2. A performance-based approach allows one to 
consider potential fire growth rates and fire signatures, the 
individual compartment characteristics, and damageability 
characteristics of the targets (for example, occupants, equip- 
ment, contents, structures, and so on) in order to determine 
the location of a specific type of detector to meet the objec- 
tives established for the system. 


B-1.3.1 Under the prescriptive approach, heat detectors are 
installed according to their listed spacing. The listed spacing 
is determined in a full-scale fire test room. The fire test room 
used for the determination of listed spacing for heat detectors 
has a ceiling height of 15 ft 9 in. (4.8 m). A steady-state, flam- 
mable liquid fire with a heat release rate of approximately 
1200 Btu/sec (1137 kW), located 3 ft (0.9 m) above the floor 
is used as the test fire. Special, 160°F (71°C) test sprinklers are 
installed on a 10 ft (3 m) X 10 ft (3 m) spacing array such that 
the fire is in the center of the sprinkler array. The heat detec- 


tors being tested are installed in a square array with increasing 
spacing centered about the fire location. The elevation of the 
test fire is adjusted during the test to produce the temperature 
versus time curve at the test sprinkler heads to yield actuation 
of the heads in 2.0 minutes + 10 seconds. The largest heat 
detector spacing that achieves alarm before the actuation of 
the sprinkler heads in the test becomes the listed spacing for 
the heat detector. See Figure A-2-2.4.1(c). If the room dimen- 
sions, ambient conditions, and fire and response characteris- 
tics of the detector are different from above, the response of 
the heat detector must be expected to be different as well. 
Therefore, the use of an installed detector spacing that is dif- 
ferent from the listed spacing might be warranted through the 
use of a performance-based approach if 


(1) The design objectives are different from designing a sys- 
tem that operates at the same time as a sprinkler in the 
approval test. 

(2) Faster response of the device is desired. 

(3) Aresponse of the device to a smaller fire than used in the 
approved test is required. 

(4) Accommodation to room geometry that is different than 
used in the listing process. 

(5) Other special considerations, such as ambient tempera- 
ture, air movement, ceiling height, or other obstruction, 
are different from or are not considered in the approval 
tests. 

(6) A fire other than a steady-state 1200 Btu/sec (1137 kW) 
fire is contemplated. 


B-2 Performance-Based Approach to Designing and Analyz- 
ing Fire Detection Systems. 


B-2.1 Overview. Subsection B-2.1 provides an overview of a 
systematic approach to conducting a performance-based 
design or analysis of a fire detection system. The approach has 
been outlined by Custer and Meacham and the SFPE Engineer- 
ing Guide to Performance Based Five Protection Analysis and Design 
[40], and is summarized below in the context of design and 
analysis of fire detection systems. (Refer to Figure B-2.1.) This 
approach has been divided into two phases: defining goals and 
objectives and system design and evaluation. 


B-2.2 Phase 1 — Defining Goals and Objectives. 


B-2.2.1 Define Scope of Project. The initial step of this approach 
is to identify information relative to the overall scope of work on 
the project, including characteristics of the building, design intent, 
design and construction team organization, constraints on design 
and project schedule, proposed building construction and fea- 
tures, relevant hazards, how the building functions, occupant char- 
acteristics, and so on. 
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Figure B-2.1 Overview of the performance-based design process. [25] 
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B-2.2.1.1 While defining the project’s scope, the designer B-2.2.2 Identify Goals. Fire protection assets are acquired in 
will identify which of the three situations in Table B-2.2.1.1 order to attain one or more of the following four goals: 
best describes the project at hand (that is, a performance- 


based analysis of an existing detection system in an existing (1) 


building). 


Table B-2.2.1.1 Design/Analysis Situation 


To provide life safety (occupants, employees, fire fighters, 
and so on) 


(2) To protect property and heritage (structure, contents, 
and so on) 


(3) To provide for continuity of operations (protect stake- 


holder’s mission, operating capability, and so on) 


Building Type System Type Design/Analysis 
(4) To limit the environmental impact of fire (toxic products, 
New New Design fire-fighting water run-off, and so on) 
Existing New Design B-2.2.2.1 Fire protection goals are like other goals in that they 
lly ez z litati - 
Existing sgeiniy Avetvcis are generally easy to agree on, are qualitative, and are non. 
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controversial in nature. They express the desired overall out- 
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come to be achieved, that is, to provide life safety to the build- 
ing occupants. 


B-2.2.2.2 When starting the performance-based process, the 
various parties including the stakeholders (that is, the archi- 
tect, building owner, insurance carrier, building or fire offi- 
cials, and so on), the authority having jurisdiction, and the 
design engineer work together to prioritize the basic fire pro- 
tection goals. Prioritizing is based on the stakeholder’s objec- 
tive and the building and occupancy involved. For example, 
life safety is a high priority in a hospital or stadium, while prop- 
erty protection might have an equally high priority in a large 
warehouse or historic building. 


B-2.2.3 Identify Stakeholder’s Objectives. Each stakeholder 
must explicitly state her or his objectives in terms of accept- 
able loss for the various goals previously stated. 


B-2.2.3.1 Stakeholder objectives specify how much safety the 
stakeholder wants, needs, or can afford. “No loss of life within 
the room of origin” is a sample stakeholder objective or state- 
ment of the stakeholder’s maximum acceptable loss. 


B-2.2.3.2 The stakeholder’s objectives are generally not stated 
in fire protection engineering terms. 


B-2.2.3.3 Note that in a performance-based code environ- 
ment, the code will most likely define a performance objective 
or stakeholder objective. 


B-2.2.4 Define Design Objectives. The stakeholder’s objec- 
tive must then be explicitly stated and quantified in fire pro- 
tection engineering terms that describe how the objective will 
be achieved. This demands that the design objectives be 
expressed quantitatively. See Tables B-2.2.5.4(a) through (c). 


B-2.2.4.1 The design objective provides a description of how 
the stakeholder’s objective will be achieved in general fire pro- 
tection engineering terms prior to this description being 
quantified. The general objective is then reduced to explicit 
and quantitative fire protection engineering terms. The 
explicit fire protection engineering objectives provide a per- 
formance benchmark against which the predicted perfor- 
mance of a candidate design is evaluated. 


B-2.2.5 Define Performance Criteria. Once the design objec- 
tive has been established, specific, quantitatively expressed cri- 
teria that indicate attainment of the performance objective 
are developed. 


B-2.2.5.1 Performance criteria provide a yardstick or thresh- 
old values that can measure a potential design’s success in 
meeting stakeholder objectives and their associated design 
objectives. [25] 


B-2.2.5.2 Quantification of the design objectives into perfor- 
mance criteria involves determination of the various fire- 
induced stresses that are a reflection of the stated loss objec- 
tives. Performance criteria can be expressed in various terms, 
including temperature, radiant flux, a rate of heat release, or 
concentration of a toxic or corrosive species that must not be 
exceeded. 


B-2.2.5.3 Once the design performance criteria are estab- 
lished, appropriate safety factors are applied to obtain the work- 
ing design criteria. The working design criteria reflect the 
performance that must be achieved by the detection system. 
This performance level must allow appropriate actions to be 
undertaken (for example, activate suppression systems, occu- 
pants egress, notify fire department, and so on) to meet the 


objectives. An acceptable fire detection system design provides 
the detection of the fire sufficiently early in its development to 
permit the other fire protective systems to meet or exceed the 
relevant performance criteria established for those systems. 


B-2.2.5.4 Throughout the process identified as Phase I and II, 
communication should be maintained with the authorities hav- 
ing jurisdiction (AHJs) to review and develop consensus on the 
approach being taken. It is recommended that this communica- 
tion commence as early in the design process as possible. The 
AHJ should also be involved in the development of perfor- 
mance criteria. Often the acceptance of a performance-based 
design in lieu of a design based on a prescriptive approach 
relies on demonstrating equivalence. This is called the compar- 
ative method, where the engineer demonstrates that the perfor- 
mance-based design responds at least as well, if not better than, 
a system designed using a prescriptive approach. 


Table B-2.2.5.4(a) Defining Goals and Objectives — 
Life Safety 


Fire Protection Goal 


Stakeholder’s 
Objective 


Provide life safety 


No loss of life within compartment 
of origin 


Maintain tenable conditions within 
the compartment of origin 


Design Objective 


Maintain: 

Temperatures below xx °C 
Visibility above yy ft 

CO concentration below zz ppm 
for tt minutes 


Performance Criteria 


Table B-2.2.5.4(b) Defining Goals and Objectives — 
Property Protection 


Fire Protection Goal 


Stakeholder’s 
Objective 


Provide protection of property 


No fire damage outside compart- 
ment of origin 

Design Objective Limit the spread of flame to the 
compartment of origin 


Performance Criteria Maintain upper layer temperature 
below xx °C and radiation level to 
the floor below yy kW/m? to prevent 
flashover. 


Table B-2.2.5.4(c) Defining Goals and Objectives — 
Continuity of Operations 


Fire Protection Goal 


Stakeholder’s 
Objective 


Provide continuity of operations 


Prevent any interruption to business 
operations in excess of 2 hours 


Design Objective Limit the temperature and the con- 
centration of HCI to within accept- 
able levels for continued operation 


of the equipment 


Performance Criteria Provide detection such that opera- 
tion of a gaseous suppression system 
will maintain temperatures below 
xx °C, and HCl levels below yy ppm 
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B-2.3. Phase II — System Design and Evaluation. 


B-2.3.1 Develop Fire Scenarios. A fire scenario defines the 
development of a fire and the spread of combustion products 
throughout a compartment or building. A fire scenario repre- 
sents a set of fire conditions that are deemed a threat to a 
building and its occupants and/or contents, and, therefore, 
should be addressed in the design of the fire protection fea- 
tures of the structure. [25] 


B-2.3.1.1 The process of developing a fire scenario is a combi- 
nation of hazard analysis and risk analysis. The hazard analysis 
identifies potential ignition sources, fuels, and fire develop- 
ment. Risk is the probability of occurrence multiplied by the 
consequences of that occurrence. The risk analysis looks at the 
impact of the fire to the surroundings or target items. 


B-2.3.1.2 The fire scenario should include a description of 
various conditions, including building characteristics, occu- 
pant characteristics, and fire characteristics. [25, 40] 


B-2.3.1.2.1_ Building Characteristics. Building characteristics 
include the following: 


(1) Configuration (area; ceiling height; ceiling configura- 
tion, such as flat, sloped beams; windows and doors, and 
thermodynamic properties) 

(2) Environment (ambient temperature, humidity, back- 
ground noise, and so on) 

(3) Equipment (heat-producing equipment, HVAC, manu- 
facturing equipment, and so on) 

(4) Functioning characteristics (occupied, during times, 
days, and so on) 

(5) Target locations 

(Note target items, that is, areas associated with stake- 
holder objectives, along the expected route of spread for 
flame, heat, or other combustion products.) 


B-2.3.1.2.2 Occupant Characteristics. Occupant characteristics 
include the following: 


(1) Alertness (sleeping, awake, and so on) 

(2) Age 

(3) Mobility 

(4) Quantity and location within the building 
(5) Sex 

(6) Responsiveness 

(7) Familiarity with the building 

(8) Mental challenges 


B-2.3.1.2.3 Fire Characteristics. Fire characteristics include 
the following: 


(1) Ignition sources — temperature, energy, time, and area 
of contact with potential fuels 

(2) Initial fuels — state (solid, liquid, gas spray, vapor); type 
and quantity of fuel; fuel configuration; fuel location 
(against wall, in corner, in open); rate of heat release and 
fire growth; type and production rate of fire signatures 
(smoke, CO, COs, and so on) 

(3) Secondary fuels — proximity to initial fuels; amount; dis- 
tribution, ease of ignitibility (see initial fuels); and exten- 
sion potential (beyond compartment, structure, area, if 
outside) 


B-2.3.1.2.4 An example of a fire scenario in a computer room 
might be as follows. 

The computer room is 30 ft (9.1 m) x 20 ft (6 m) and 8 ft 
(2.8 m) high. It is occupied 12 hours a day, 5 days a week. The 
occupants are mobile and familiar with the building. There 
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are no fixed fire suppression systems protecting this location. 
The fire department is capable of responding to the scene in 
6 minutes, and an additional 15 minutes for fire ground evo- 
lution is needed. 

Overheating of a resistor leads to the ignition of a printed 
circuit board and interconnecting cabling. This leads to a fire 
that quickly extends up into the above ceiling space contain- 
ing power and communications cabling. The burning of this 
cabling produces large quantities of dense, acrid smoke and 
corrosive products of combustion that spread throughout the 
computer suite. This causes the loss of essential computer and 
telecommunications services for 2 months. 


B-2.3.2 Develop Design Fires. The design fire is the fire the 
system is intended to detect. When specifying a design fire, the 
specifics regarding the ignition, growth, steady-state output (if 
appropriate), and decay of the fire are expressed quantita- 
tively. 


B-2.3.2.1 Fire development varies depending on the combus- 
tion characteristics of the fuel or fuels involved, the physical 
configuration of the fuels, the availability of combustion air, 
and the influences due to the compartment. Once a stable 
flame is attained, most fires grow in an accelerating pattern 
(see Figure B-2.3.2.1.2.8), reach a steady state characterized by a 
maximum heat release rate, and then enter into a decay 
period as either the availability of fuel or combustion air 
becomes limited. Fire growth and development are limited by 
factors such as quantity of fuel, arrangement of fuel, quantity 
of oxygen, and the effect of manual and automatic suppres- 
sion systems. 


B-2.3.2.1.1 Fires can be characterized by their rate of heat 
release, measured in terms of the number of Btus per second 
(kW) of heat liberated. Typical maximum heat release rates 
(Q,,) for a number of different fuels and fuel configurations 
are provided in Tables B-2.3.2.3.1(a) and (c). The heat release 
rate of a fire can be described as a product of a heat release 
density and fire area using the following equation: 


Qn = 9A (1) 
where: 
Q, = maximum or peak heat release rate (Btu/sec) 
q = heat release rate density per unit floor area 
(Btu/sec-ft?) 
A = floor area of the fuel (ft?) 


B-2.3.2.1.2. Example. A particular hazard analysis is to be 
based on a fire scenario involving a 10-ft x 10-ft (3-m x 3-m) 
stack of wood pallets stored 5 ft (1.5 m) high. Approximately 
what peak heat release rate can be expected? 


B-2.3.2.1.2.1 From Table B-2.3.2.3.1 (a), the heat release rate 
density (q) for 5-ft (1.5-m) high wood pallets is approximately 
330 Btu/sec-ft?. 


B-2.3.2.1.2.2. The area is 10 ft x 10 ft = (3m x 3 m), or 100 ft? 
(9 m?). Using equation (1) to determine the heat release rate 
yields the following: 


Qn = 9A 
330 x 100 = 33,000 Btu/sec 
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B-2.3.2.1.2.3 As indicated in the Table B-2.3.2.3.1(a), this 
fire generally produces a medium to fast fire growth rate 
reaching 1000 Btu/sec (1055 kW) in approximately 90 to 190 
seconds. 


B-2.3.2.1.2.4 Fires can also be defined by their growth rate or 
the time (f,) it takes for the fire to reach a given heat release 
rate. Previous research [16] has shown that most fires grow 
exponentially and can be expressed by what is termed the 
“power law fire growth model,” which follows 


Q= i? (2) 
where: 
Q = heat release rate (Btu/sec or kW) 
pe 2 
t = time (sec) 


B-2.3.2.1.2.5 In fire protection, fuel packages are often 
described as having a growth time (i,). This is the time neces- 
sary after the ignition with a stable flame for the fuel package 
to attain a heat release rate of 1000 Btu/sec (1055 kW). The 
following equations describe the growth of design fires: 


Q= 1000 ? (Btu/sec) (3) 
t 
&§ 
or 
O= 1055 (KW) 
a 
and thus 
Q= at 
where: 
a = fire growth rate [1000/t? (Btu/sec*) or 1055/12 
(kW/sec?) | 
Q = heat release rate (Btu/sec) 


ig = fire growth time to reach 1000 Btu/sec (1055 kW) 
after established burning 


t = time after established burning occurs (sec) 


B-2.3.2.1.2.6 Tables B-2.3.2.3.1(a) and (e) provide values for /,, 
the time necessary to reach a heat release rate of 1000 Btu/ sec 
(1055 kW), for a variety of materials in various configurations. 


B-2.3.2.1.2.7 Test data from 40 furniture calorimeter tests, as 
indicated in Table B-2.3.2.3.1(e), have been used to indepen- 
dently verify the power law fire growth model, Q= a. [14] For 
reference, the table contains the test numbers used in the 
original NIST reports. 

The virtual time of origin (¢,) is the time at which a stable 
flame had appeared and the fires began to obey the power law 
fire growth model. Prior to ¢,, the fuels might have smoldered 
but did not burn vigorously with an open flame. The model 
curves are then predicted by the following equations: 
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Q = a(t-1,) (4) 
or 
Q= [hea )(Btu/sec ) 
t 
g§ 
0= [PF Jento aw) 
t 
g 
where: 


a = fire growth rate [1000/17 (Btu/sec*) or 1055/12 


(kW/sec?) ] 
Q = heat release rate (Btu/sec) 
tg = fire growth time to reach 1000 Btu/sec (1055 kW) 
t = time after established burning occurs (sec) 
t, = virtual time of origin (sec) 


B-2.3.2.1.2.8 Figure B-2.3.2.1.2.8 is an example of an actual 
test data with a power law curve superimposed. 


Figure B-2.3.2.1.2.8 Test 38, foam sofa. 
4000 
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B-2.3.2.1.2.9 For purposes of this appendix, fires are classified 
as being either slow-, medium-, or fast-developing from the time 
that established burning occurs until the fire reaches a heat 
release rate of 1000 Btu/sec (1055 kW). Table B-2.3.2.1.2.9 
results from using the relationships discussed above. [See also 
Table B-2.3.2.3.1(a).] 


Table B-2.3.2.1.2.9 Power Law Heat Release Rates 


Fire Growth Growth Time a 
Rate (t,) (kW/sec?) 
Slow ty 2 400 sec a < 0.0066 
Medium 150s t,< 400 sec 0.0066 < a < 0.0469 
Fast tg< 150 sec a > 0.0469 
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B-2.3.2.1.2.10 The correlation between flame height and 
heat release rate can be used to assist in deciding on an appro- 
priate design fire. As shown in Figure B-2.3.2.1.2.10, flame 
height and fire size are directly related. [2] The lines in Figure 
B-2.3.2.1.2.10 were derived from the following equation: 


hy = 0.584(kQ)”” (5) 


where: 
hy = flame height (ft) 
k wall effect factor 
Q = heat release rate (Btu/sec) 


Where there are no nearby walls, use k= 1. 
Where the fuel package is near a wall, use k = 2. 
Where the fuel package is in a corner, use k = 4. 


Figure B-2.3.2.1.2.10 Heat release rate vs. flame height. 
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B-2.3.2.1.3. Example. What is the average flame height of a 
fire with a heat release rate of 1000 Btu/sec located in the mid- 
dle of a compartment? 

From Figure B-2.3.2.1.2.10, find the heat release rate on 
the abscissa and read estimated flame height from the ordi- 
nate, or use equation (5). 


2/5 
hy = 0.584(kQ) 
2/5 
hp = 0.584(1 x 1000 Btu/sec) 
hy = 9.25 ft (2.8 m) 


1999 Edition 


B-2.3.2.2. Selection of Critical Fire Size. Because all fire con- 
trol means require a finite operation time, there is a critical 
difference between the time at which the fire must be detected 
and the time at which it achieves the magnitude of the design 
fire. Even though a fire has been detected, this does not mean 
that it stops growing. Fires typically grow exponentially until 
they become ventilation controlled, and limited by the avail- 
ability of fuel, or until some type of fire suppression or extin- 
guishment is commenced. Figure B-2.3.2.2 shows that there 
can be a significant increase in the heat release rate with only 
a small change in time due to the exponential growth rate of 
fire. 


Figure B-2.3.2.2 Critical and design objective heat release rates vs. 
time. 
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B-2.3.2.2.1 Once the design objectives and the design fire 
have been established, the engineer will need to establish two 
points on the design fire curve: Qno and Qcr. 


B-2.3.2.2.2. Qno represents the heat release rate, or product 
release rate, which produces conditions representative of the 
design objective. This is the “design fire.” However, Qno does 
not represent the point in time at which detection is needed. 
Detection must occur sufficiently early in the development of 
the fire to allow for any intrinsic reaction time of the detection 
as well as the operation time for fire suppression or extinguish- 
ing systems. There will be delays in both detection of the fire 
as well as the response of equipment, or persons, to the alarm. 


B-2.3.2.2.3 A critical fire size (Qcz) is identified on the curve 
that accounts for the delays in detection and response. This 
point represents the maximum permissible fire size at which 
detection must occur that allows appropriate actions to be 
taken to keep the fire from exceeding the design objective 


(Qpo)- 


B-2.3.2.2.4 Delays are inherent in both the detection system 
as well as in the response of the equipment or people that 
need to react once a fire is detected. Delays associated with the 
detection system include a lag in the transport of combustion 
products from the fire to the detector and response time lag 
of the detector, alarm verification time, processing time of the 
detector, and processing time of the control panel. Delays are 
also possible with an automatic fire extinguishing system(s) or 
suppression system(s). Delay can be introduced by alarm veri- 
fication or crossed zone detection systems, filling and dis- 
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charge times of pre-action systems, delays in agent release 
required for occupant evacuation (for example, COxg systems), 
and the time required to achieve extinguishment. 


B-2.3.2.2.5 Occupants do not always respond immediately to 
a fire alarm. The following must be accounted for when evalu- 
ating occupant safety issues: 


(1) Time expected for occupants to hear the alarm (due to 
sleeping or manufacturing equipment noise) 

(2) Time to decipher the message (for example, voice alarm 
system) 

(3) Time to decide whether to leave (get dressed, gather 
belongings, call security) 

(4) Time to travel to an exit 


B-2.3.2.2.6 Response of the fire department or fire brigade to 
a fire incident involves several different actions that need to 
occur sequentially before containment and extinguishment 
efforts of the fire can even begin. These actions should also be 
taken into account to properly design detection systems that 
meet the design objectives. These actions typically include the 
following: 


(1) Detection (detector delays, control panel delays, and so on) 

(2) Notification to the monitoring station (remote, central 
station, proprietary, and so on) 

(3) Notification of the fire department 

(4) Alarm handling time at the fire department 

(5) Turnout time at the station 

(6) Travel time to the incident 

(7) Access to the site 

(8) Set-up time on site 

(9) Access to building 

(10) Access to fire floor 

(11) Access to area of involvement 

(12) Application of extinguishant on the fire 


B-2.3.2.2.7 Unless conditions that limit the availability of com- 
bustion air or fuel exist, neither the growth of the fire nor the 
resultant damage stop until fire suppression begins. The time 
needed to execute each step of the fire response sequence of 


actions must be quantified and documented. When designing 
a detection system, the sum of the time needed for each step 
in the response sequence (fgelay) Must be subtracted from the 
time at which the fire attains the design objective (tp9) in order 
to determine the latest time and fire size (Qcr)in the fire devel- 
opment at which detection can occur and still achieve the sys- 
tem design objective. 


B-2.3.2.2.8 The fire scenarios and design fires selected should 
include analysis of best and worst case conditions and their 
likelihood of occurring. It is important to look at different 
conditions and situations and their effects on response. 


B-2.3.2.3. Data Sources. To produce a design fire curve, infor- 
mation is needed regarding the burning characteristics of the 
object(s) involved. Data can be obtained from either technical 
literature or by conducting small or large scale calorimeter 
tests. 


B-2.3.2.3.1 Some information is contained here in Figure 
B-2.3.2.3.1 and Tables B-2.3.2.3.1(a) through (e). 
Figure B-2.3.2.3.1 Power law heat release rates. 
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Table B-2.3.2.3.1(a) Maximum Heat Release Rates — Warehouse Materials 


Heat Release 


Growth Time Density (Q) 

Warehouse Materials (t,) (sec) (Btu/sec: ft?) Classification 
1. Wood pallets, stack, 11/9 ft high (6%-12% moisture) 150-310 110 fast-medium 
2. Wood pallets, stack, 5 ft high (6%-12% moisture) 90-190 330 fast 
3. Wood pallets, stack, 10 ft high (6%-12% moisture) 80-110 600 fast 
4. Wood pallets, stack, 16 ft high (6%-12% moisture) 75-105 900 fast 
5. Mail bags, filled, stored 5 ft high 190 35 medium 
6. Cartons, compartmented, stacked 15 ft high 60 200 fast 
7. Paper, vertical rolls, stacked 20 ft high 15-28 —_— t 
8. Cotton (also PE, PE/cot, acrylic/nylon/PE), garments in 20-42 — t 

12-ft high racks 
9. Cartons on pallets, rack storage, 15 ft-30 ft high 40-280 —_— fast-medium 
10. Paper products, densely packed in cartons, rack storage, 470 — slow 
20 ft high 

11. PE letter trays, filled, stacked 5 ft high on cart 190 750 medium 
12. PE trash barrels in cartons, stacked 15 ft high 55 250 fast 
13. FRP shower stalls in cartons, stacked 15 ft high 85 110 fast 
14. PE bottles, packed in item 6 85 550 fast 
15. PE bottles in cartons, stacked 15 ft high 75 170 fast 
16. PE pallets, stacked 3 ft high 130 _ fast 
17. PE pallets, stacked 6 ft-8 ft high 30-55 — fast 
18. PU mattress, single, horizontal 110 — fast 
19. PE insulation board, rigid foam, stacked 15 ft high 8 170 t 
20. PS jars, packed in item 6 55 1200 fast 
21. PS tubs nested in cartons, stacked 14 ft high 105 450 fast 
22. PS toy parts in cartons, stacked 15 ft high 110 180 fast 
23. PS insulation board, rigid, stacked 14 ft high 7 290 + 
24. PVC bottles, packed in item 6 9 300 t 
25. PP tubs, packed in item 6 10 390 f 
26. PP and PE film in rolls, stacked 14 ft high 40 350 f 
27. Distilled spirits in barrels, stacked 20 ft high 23-40 — tT 
28. Methyl alcohol = 65 — 
29. Gasoline — 200 — 
30. Kerosene _ 200 _ 
31. Diesel oil _— 180 _ 


For SI units: 1 ft = 0.305 m. 

Notes: 

1. The heat release rates per unit floor area are for fully involved combustibles, assuming 100 percent combustion efficiency. The growth times 
shown are those required to exceed 1000 Btu/sec heat release rate for developing fires, assuming 100 percent combustion efficiency. 

2. PE = polyethylene, PS = polystyrene, PVC = polyvinyl chloride, PP = polypropylene, PU = polyurethane, and FRP = fiberglass-reinforced poly- 
ester. 

{Fire growth rate exceeds design data. 
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Table B-2.3.2.3.1(b) Maximum Heat Release Rates from 


Fire Detection Institute Analysis 


Approximate Values 
Materials (Btu/sec) 

Medium wastebasket with milk 100 

cartons 
Large barrel with milk cartons 140 
Upholstered chair with polyurethane 350 

foam 
Latex foam mattress (heat at room 1200 

door) 
Furnished living room (heat at open 4000-8000 


door) 


Table B-2.3.2.3.1(c) Unit Heat Release Rates for Fuels 


Burning in the Open (NFPA 92B) 


Commodity 


Heat Release Rate 
(Btu/sec) 


Flammable liquid pool 
Flammable liquid spray 
Pallet stack 
Wood or PMMA* (vertical) 
2-ft height 
6-ft height 
8-ft height 
12-ft height 
Wood or PMMA* 
Top of horizontal surface 
Solid polystyrene (vertical) 
2-ft height 
6-ft height 
8-ft height 
12-ft height 
Solid polystyrene (horizontal) 
Solid polypropylene (vertical) 
2-ft height 
6-ft height 
8-ft height 
12-ft height 


Solid polypropylene 
(horizontal) 


290/ft? of surface 
2000/gpm of flow 
1000/ft of height 


30/ft of width 
70/ft of width 
180/ft of width 
300/ft of width 


63/ft2 of surface 


63/ft of width 
130/ft of width 
400/ft of width 
680/ft of width 
120/ft* of surface 


63/ft of width 
100/ft of width 
280/ft of width 
470/ft of width 
70/ft? of surface 


*Polymethyl Methacrylate (Plexiglas™, Lucite™, Acrylic) 


1999 Edition 


72-168 NATIONAL FIRE ALARM CODE 


Table B-2.3.2.3.1(d) Characteristics of Ignition Sources (NFPA 92B) 


Maximum 
Typical Heat Burn Time? Flame Height Flame Width Maximum Heat 
Output (W) (sec) (mm) (mm) Flux (kW/m?) 
Cigarette 1.1 g (not puffed, laid on solid 5 1200 — = 42 
surface), bone dry, conditioned to 50% rela- 
tive humidity 5 1200 — —_— 35 
Methenamine pill, 0.15 g 45 90 _ _— 4 
Match, wooden, laid on solid surface 80 20-30 30 14 18-20 
Wood cribs, BS 5852 Part 2 
No. 4 crib, 8.5 g 1,000 190 — — 154 
No. 5 crib, 17 g 1,900 200 — _ 174 
No. 6 crib, 60 g 2,600 190 — _ 204 
No. 7 crib, 126 g 6,400 350 = = 254 
Crumpled brown lunch bag, 6 g 1,200 80 — — = 
Crumpled wax paper, 4.5 g (tight) 1,800 25 — = = 
Crumpled wax paper, 4.5 g (loose) 5,300 20 — — — 
Folded double-sheet newspaper, 22 g 4,000 100 — — — 
(bottom ignition) 
Crumpled double-sheet newspaper, 22 g¢ 7,400 40 — — — 
(top ignition) 
Crumpled double-sheet newspaper, 22 g 17,000 20 — — _ 
(bottom ignition) 
Polyethylene wastebasket, 285 g, filled 50,000 200° 550 200 35¢ 
with 12 milk cartons (390 g) 
Plastic trash bags, filled with cellulosic 120,000- 200° — — — 
trash (1.2-14 kg)* 350,000 


For SI Units: 1 in. = 25.4 mm; 1 Btu/sec = 1.055 W; 1 oz = 0.02835 kg = 28.35 g; 1 Btu/ft?-sec = 11.35 kW/m? 
4 Time duration of significant flaming 

> Total burn time in excess of 1800 seconds 

¢ As measured on simulation burner 

4 Measured from 25 mm away 

© Results vary greatly with packing density 
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Table B-2.3.2.3.1(e) Furniture Heat Release Rates [3, 14, 16] 


Fuel Fire 
Intensity Maximum 
Growth Time Coefficient («%) Virtual Time Heat Release 
Test No. Item/Description/Mass (t,) (sec) Classification (kKW/sec?) (t,) (sec) Rates (kW) 
15 Metal wardrobe, 41.4 kg (total) 50 fast 0.4220 10 750 
18 Chair F33 (trial love seat), 29.2 kg 400 slow 0.0066 140 950 
19 Chair F21, 28.15 kg (initial) 175 medium 0.0344 110 350 
19 Chair F21, 28.15 kg (later) 50 fast 0.4220 190 2000 
21 Metal wardrobe, 40.8 kg (total) 250 medium 0.0169 10 250 
(initial) 
21 Metal wardrobe, 40.8 kg (total) 120 fast 0.0733 60 250 
(average) 
21 Metal wardrobe, 40.8 kg (total) 100 fast 0.1055 30 140 
(later) 
22 Chair F24, 28.3 kg 350 medium 0.0086 400 700 
23 Chair F23, 31.2 kg 400 slow 0.0066 100 700 
24 Chair F22, 31.9 kg 2000 slow 0.0003 150 300 
25 Chair F26, 19.2 kg 200 medium 0.0264 90 800 
26 Chair F27, 29.0 kg 200 medium 0.0264 360 900 
27 Chair F29, 14.0 kg 100 fast 0.1055 70 1850 
28 Chair F28, 29.2 kg 425 slow 0.0058 90 700 
29 Chair F25, 27.8 kg (later) 60 fast 0.2931 175 700 
29 Chair F25, 27.8 kg (initial) 100 fast 0.1055 100 2000 
30 Chair F30, 25.2 kg 60 fast 0.2931 70 950 
31 Chair F31 (love seat), 39.6 kg 60 fast 0.2931 145 2600 
37 Chair F31 (love seat), 40.4 kg 80 fast 0.1648 100 2750 
38 Chair F32 (sofa), 51.5 kg 100 fast 0.1055 50 3000 
39 /9-in. plywood wardrobe with fabrics, 35 Tt 0.8612 20 3250 
68.5 kg 
40 /9-in. plywood wardrobe with fabrics, 35 + 0.8612 40 3500 
68.32 kg 
41 /-in. plywood wardrobe with fabrics, 40 t 0.6594 40 6000 
36.0 kg 
42 /s-in. plywood wardrobe with fire- 70 fast 0.2153 50 2000 
retardant interior finish (initial 
growth) 
42 / sin. plywood wardrobe with fire- 30 + 1.1722 100 5000 
retardant interior finish (later 
growth) 
43 Repeat of !/s-in. plywood wardrobe, 30 + 1.1722 50 3000 
67.62 kg 
44 '/in. plywood wardrobe with fire- 90 fast 0.1302 30 2900 


retardant latex paint, 37.26 kg 
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Table B-2.3.2.3.1(e) Furniture Heat Release Rates [3, 14, 16] (Continued) 


Fuel Fire 
Intensity Maximum 
Growth Time Coefficient (a) Virtual Time Heat Release 
Test No. Item/Description/Mass (t,) (sec) Classification (kW/sec?) (t,) (sec) Rates (kW) 

45 Chair F21, 28.34 kg 100 t 0.1055 120 2100 

46 Chair F21, 28.34 kg 45 ‘i 0.5210 130 2600 

47 Chair, adj. back metal frame, foam 170 medium 0.0365 30 250 
cushions, 20.82 kg 

48 Easy chair CO7, 11.52 kg 175 medium 0.0344 90 950 

49 Easy chair F34, 15.68 kg 200 medium 0.0264 50 200 

50 Chair, metal frame, minimum cush- 200 medium 0.0264 120 3000 
ion, 16.52 kg 

51 Chair, molded fiberglass, no cushion, 120 fast 0.0733 20 35 
5.28 kg 

52 Molded plastic patient chair, 11.26 kg 275 medium 0.0140 2090 700 

53 Chair, metal frame, padded seat and 350 medium 0.0086 50 280 
back, 15.54 kg 

54 Love seat, metal frame, foam cush- 500 slow 0.0042 210 300 
ions, 27.26 kg 

56 Chair, wood frame, latex foam cush- 500 slow 0.0042 50 85 
ions, 11.2 kg 

57 Love seat, wood frame, foam cush- 350 medium 0.0086 500 1000 
ions, 54.6 kg 

61 Wardrobe, 3/,-in. particleboard, 150 medium 0.0469 0 1200 

120.33 kg 

62 Bookcase, plywood with aluminum 65 fast 0.2497 40 25 
frame, 30.39 kg 

64 Easy chair, molded flexible urethane 1000 slow 0.0011 750 450 
frame, 15.98 kg 

66 Easy chair, 23.02 kg 76 fast 0.1827 3700 600 

67 Mattress and box spring, 62.36 kg 350 medium 0.0086 400 500 
(later) 

67 Mattress and box spring, 62.36 kg 1100 slow 0.0009 90 400 


(initial) 


For SI units: | ft = 0.305 m; 1000 Btu/sec = 1055 kW; 1 lb = 0.435 kg. 


Note: For tests 19, 21, 29, 42, and 67, different power law curves were used to model the initial and the latter realms of burning. In examples such 
as these, engineers should choose the fire growth parameter that best describes the realm of burning to which the detection systems is being de- 


signed to respond. 
t Fire growth exceeds design data. 


B-2.3.2.3.2_ Graphs of heat release data from the 40 furniture 
calorimeter tests can be found in Investigation of a New Sprinkler 
Sensitivity Approval Test: The Plunge Test. Best fit power law fire 
growth curves have been superimposed on the graphs. Data 
from these curves can be used with this guide to design or ana- 
lyze fire detection systems that are intended to respond to sim- 
ilar items burning under a flat ceiling. Table B-2.3.2.3.1(e) is 
a summary of the data. 
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B-2.3.2.3.3 In addition to heat release rate data, the original 
NIST reports [3] contain data on particulate conversion and 
radiation from the test specimens. These data can be used to 
determine the threshold fire size (heat release rate) at which 
tenability becomes endangered or the point at which addi- 
tional fuel packages might become involved in the fire. 


B-2.3.2.3.4 The NFPA Fire Protection Handbook [22], SFPE 
Handbook of Fire Protection Engineering, and Upholstered Furniture 
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Heat Release Rates Measured with a Furniture Calorimeter contain 
further information on heat release rates and fire growth 
rates. 


B-2.3.2.3.5 Technical literature searches can be performed 
using a number of resources including FIREDOC, a document 
base of fire literature that is maintained by NIST. 


B-2.3.2.3.6 A series of design fire curves are included as part 
of the “Fastlite” computer program available from NIST. 


B-2.3.3, Develop and Evaluate Candidate Fire Detection Sys- 
tems. Once the design objectives, the potential fire scenarios, 
and the room characteristics are well understood, the 
designer can select an appropriate detection strategy to detect 
the fire before its critical fire size (Qcr) is reached. Important 
factors to consider include the type of detector, its sensitivity 
to expected fire signatures, its alarm threshold level and 
required duration at that threshold, expected installed loca- 
tion (for example, distance from fire, or below ceiling), and 
freedom from nuisance response to expected ambient condi- 
tions. (See Chapter 2 and Appendix A.) 


B-2.3.3.1 Reliability of the detection system and individual 
components should be computed and included in the selec- 
tion and evaluation of the candidate fire detection system. A 
performance-based alternative design cannot be deemed per- 
formance-equivalent unless the alternative design provides 
comparable reliability to the prescriptive design it is intended 
to replace. 


B-2.3.3.2 Various methods are available to evaluate whether a 
candidate design will achieve the previously established perfor- 
mance criteria. Some methods are presented in Section B-3. 


B-2.3.4 Select and Document Final Design. The last step in 
the process is the preparation of design documentation and 
equipment and installation specifications. 


B-2.3.4.1 These documents should encompass the following 
information [25]: 


(1) Participants in the process — persons involved, their 
qualifications, function, responsibility, interest, and con- 
tributions 


(2) Scope of work — purpose of conducting the analysis or 
design, part of the building evaluated, assumptions, and 
so on. 

(3) Design approach — approach taken, where and why 
assumptions were made, and engineering tools and 
methodologies applied 

(4) Project information — hazards, risks, construction type, 
materials, building use, layout, existing systems, occupant 
characteristics, and so on. 

(5) Goals and objectives — agreed upon goals and objectives, 
how they were developed, who agreed to them and when 

(6) Performance criteria — clearly identify performance cri- 
teria and related objective(s), including any safety, reli- 
ability, or uncertainty factors applied, and support for 
these factors where necessary 

(7) Fire scenarios and design fires — description of fire sce- 
narios used, bases for selecting and rejecting fire scenar- 
ios, assumptions, and restrictions. 

(8) Design alternative(s) — describe design alternative(s) 
chosen, basis for selecting and rejecting design alterna- 
tive(s), heat release rate, assumptions, and limitations. 
[This step should include the specific design objective 
(Qpo) and the critical heat release rate (Qcr) used, com- 
parison of results with the performance criteria and 


design objectives, and a discussion of the sensitivity of the 
selected design alternative to changes in the building use, 
contents, fire characteristics, occupants, and so on.] 

(9) Engineering tools and methods used — description of 
engineering tools and methods used in the analysis or 
design, including appropriate references (literature, 
date, software version, and so on), assumptions, limita- 
tions, engineering judgments, input data, validation data 
or procedures, and sensitivity analyses 

(10) Drawings and specifications — detailed design and instal- 
lation drawings and specification 

(11) Test, inspection, and maintenance requirements (see 
Chapter 7) 

(12) Fire safety management concerns — allowed contents 
and materials in the space in order for the design to func- 
tion properly, training, education, and so on. 

(13) References — software documentation, technical litera- 
ture, reports, technical data sheets, fire test results, and 
so on. 


B-2.3.5 Management. It is important to ensure that the sys- 
tems are designed, installed, commissioned, maintained, and 
tested on regular intervals as indicated in Chapter 7. In addi- 
tion, the person conducting the testing and inspections should 
be aware of the background of the design and the need to eval- 
uate not only the detector and whether it operates, but also to 
be aware of changing conditions including the following: 


(1) Hazard being protected changes 

(2) Location of the hazard changes 

(3) Other hazards are introduced into the area 
(4) Ambient environment 

(5) Invalidity of any of the design assumptions 


B-3 Evaluation of Heat Detection System Performance. 


B-3.1 General. Section B-3 provides a method for determin- 
ing the application spacing for both fixed-temperature heat 
detectors (including sprinklers) and rate-of-rise heat detec- 
tors. This method is only valid for use when detectors are to be 
placed on a large, flat ceiling. It predicts detector response to 
a geometrically growing flaming fire at a specific fire size. This 
method takes into account the effects of ceiling height, radial 
distance between the detector and the fire, threshold fire size 
[critical heat release rate (Qcz)], rate of fire development, and 
detector response time index. For fixed temperature detec- 
tors, the ambient temperature and the temperature rating of 
the detector are also considered. This method also allows for 
the adjustment of the application spacing for fixed-tempera- 
ture heat detectors to account for variations in ambient tem- 
perature (T,) from standard test conditions. 


B-3.1.1 This method can also be used to estimate the fire size 
at which detection will occur, an existing array of listed heat 
detectors installed at a known spacing, ceiling height, and 
ambient conditions. 


B-3.1.2 The effect of rate of fire growth and fire size of a flam- 
ing fire, as well as the effect of ceiling height on the spacing 
and response of smoke detectors can also be determined using 
this method. 


B-3.1.3 The methodology contained herein uses theories of 
fire development, fire plume dynamics, and detector perfor- 
mance. These are considered the major factors influencing 
detector response. This methodology does not address several 
lesser phenomena that, in general, are considered unlikely to 
have a significant influence. A discussion of ceiling drag, heat 
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loss to the ceiling, radiation to the detector from a fire, re-radi- 
ation of heat from a detector to its surroundings, and the heat 
of fusion of eutectic materials in fusible elements of heat 
detectors and their possible limitations on the design method 
are provided in References 4, 11, 16, and 18 in Appendix C. 


B-3.1.4 The methodology in Section B-3 does not address the 
effects of ceiling projections, such as beams and joists, on 
detector response. While it has been shown that these compo- 
nents of a ceiling have a significant effect on the response of 
heat detectors, research has not yet resulted in a method for 
quantifying this effect. The prescriptive adjustments to detec- 
tor spacing in Chapter 5 should be applied to application spac- 
ings derived from this methodology. 


B-3.2 Considerations Regarding Input Data. 


B-3.2.1 Required Data. The following data are necessary in 
order to use the methods in this appendix for either design or 
analysis. 
(a) Design. Data required to determine design include the 

following: 

= ceiling height or clearance above fuel 

Q, or ty = threshold fire size at which response must occur 
or the time ¢, to detector response 

RTI = response time index for the detector (heat detectors 
only) or its listed spacing 

T,, = ambient temperature 

T, = detector operating temperature (heat detectors only) 

T,/min = rate of temperature change set point for rate-of- 
rise heat detectors 


o or f, = fuel fire intensity coefficient (@) or the fire growth 
time (t,) 


(b) Analysis. Data required to determine analysis include 
the following: 


T= ceiling height or clearance above fuel 

RTI = response time index for the detector (heat detectors 
only) or its listed spacing 

S= actual installed spacing of the existing detectors 

T, = ambient temperature 

T, = detector operating temperature (heat detectors only) 

T,/min = rate of temperature change set point for rate-of- 
rise heat detectors 


o or f,= fuel fire intensity coefficient (a) or the fire growth 
time (é,) 


B-3.2.2. Ambient Temperature Considerations. 


B-3.2.2.1 The maximum ambient temperature expected to 
occur at the ceiling will directly effect the choice of tempera- 
ture rating for a fixed-temperature heat detector application. 
However, the minimum ambient temperature likely to be 
present at the ceiling is also very important. When ambient 
temperature at the ceiling decreases, more heat from a fire is 
needed to bring the air surrounding the detector’s sensing 
element up to its rated (operating) temperature. This results 
in slower response when the ambient temperature is lower. In 
the case of a fire that is growing over time, lower ambient tem- 
peratures result in a larger fire size at the time of detection. 


B-3.2.2.2 Selection of the minimum ambient temperature 
can therefore have a significant effect on the calculations. The 
engineer must decide what temperature to use for these calcu- 
lations and document why that temperature was chosen. 
Because the response time of a given detector to a given fire is 
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dependent only on the detector’s time constant and the tem- 
perature difference between ambient and the detector rating, 
the use of the lowest anticipated ambient temperature for the 
space results in the most conservative design. For unheated 
spaces, a review of historical weather data would be appropri- 
ate. However, such data might show extremely low tempera- 
tures that occur relatively infrequently, such as every 100 years. 
Depending on actual design considerations, it might be more 
appropriate to use an average minimum ambient tempera- 
ture. In any case, a sensitivity analysis should be performed to 
determine the effect of changing the ambient temperature on 
the design results. 


B-3.2.2.3 In a room or work area that has central heating, the 
minimum ambient temperature would usually be about 68°F 
(20°C). On the other hand, certain warehouse occupancies 
might be heated only enough to prevent water pipes from 
freezing and, in this case, the minimum ambient temperature 
may be considered to be 35°F (2°C), even though, during 
many months of the year, the actual ambient temperature may 
be much higher. 


B-3.2.3 Ceiling Height Considerations. 


B-3.2.3.1 A detector ordinarily operates sooner if it is nearer 
to the fire. Where ceiling heights exceed 16 ft (4.9 m), ceiling 
height is the dominant factor in the detection system 
response. 


B-3.2.3.2 As flaming combustion commences, a buoyant 
plume forms. The plume is comprised of the heated gases and 
smoke rising from the fire. The plume assumes the general 
shape of an inverted cone. The smoke concentration and tem- 
perature within the cone varies inversely as a variable expo- 
nential function of the distance from the source. This effect is 
very significant in the early stages of a fire, because the angle 
of the cone is wide. As a fire intensifies, the angle of the cone 
narrows and the significance of the effect of height is lessened. 


B-3.2.3.3 As the ceiling height increases, a larger-size fire is 
necessary to actuate the same detector in the same length of 
time. In view of this, it is very important that the designer con- 
sider the size of the fire and rate of heat release that might 
develop before detection is ultimately obtained. 


B-3.2.3.4 The procedures presented in this section are based 
on analysis of data for ceiling heights up to 30 ft (9.1 m). No 
data was analyzed for ceiling heights greater than 30 ft (9.1 m). 
In spaces where the ceiling heights exceed this limit, this sec- 
tion offers no guidance. [40] 


B-3.2.3.5 The relationships presented here are based on the 
difference between the ceiling height and the height of the 
fuel item involved in the fire. It is recommended that the 
designer assume the fire is at floor level and use the actual dis- 
tance from floor to ceiling for the calculations. This will yield 
a design that is conservative, and actual detector response can 
be expected to exceed the needed speed of response in those 
cases where the fire begins above floor level. 


B-3.2.3.6 Where the designer desires to consider the height of 
the potential fuel in the room, the distance between the base 
of the fuel and the ceiling should be used in place of the ceil- 
ing height. This design option is only appropriate if the mini- 
mum height of the potential fuel is always constant and the 
concept is approved by the authority having jurisdiction. 
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B-3.2.4 Operating Temperature. 


B-3.2.4.1 The operating temperature, or rate of temperature 
change, of the detector required for response is obtained 
from the manufacturer’s data and is determined during the 
listing process. 


B-3.2.4.2 The difference between the rated temperature of a 
fixed temperature detector (T,) and the maximum ambient 
temperature (7) at the ceiling should be as small as possible. 
To reduce unwanted alarms, the difference between operat- 
ing temperature and the maximum ambient temperature 
should be not less than 20°F (11°C). (See Chapter 2.) 


B-3.2.4.3 If using combination detectors incorporating both 
fixed temperature and rate-of-rise heat detection principles to 
detect a geometrically growing fire, the data contained herein 
for rate-of-rise detectors should be used in selecting an 
installed spacing, because the rate-of-rise principle controls 
the response. The fixed temperature set point is determined 
from the maximum anticipated ambient temperature. 


B-3.2.5 Time Constant and Response Time Index (RTI). 


B-3.2.5.1 The flow of heat from the ceiling jet into a heat 
detector sensing element is not instantaneous. It occurs over a 
period of time. A measure of the speed with which heat trans- 
fer occurs, the thermal response coefficient is needed to accu- 
rately predict heat detector response. This is currently called 
the detector time constant (Tj). The time constant is a mea- 
sure of the detector’s sensitivity. In theory, the sensitivity of a 
heat detector, T or RTI, should be determined by validated 
test. [8] Currently, such a test is not available. Given the detec- 
tor’s listed spacing and the detector’s rated temperature (T,), 
Table B-3.2.5.1, developed in part by Heskestad and Delichat- 
sios [10], can be used to find the detector time constant. 


Table B-3.2.5.1 Time Constants (T)) for Any Listed Heat Detector 


B-3.2.6 Fire Growth Rate. 


B-3.2.6.1 Fire growth varies depending on the combustion 
characteristics and the physical configuration of the fuels 
involved. After ignition, most fires grow in an accelerating pat- 
tern. Some information regarding the fire growth rate for var- 
ious fuels have been provided previously in this appendix. 


B-3.2.6.2 If the heat release history for a particular fire is known, 
the © or /, can be calculated using curve fitting techniques for 
implementation into the method detailed herein. [16] 


B-3.2.6.3_ In most cases, the exact fuel(s) and growth rates will 
not be known. Engineering judgment should therefore be 
used to select & or f, that is expected to approximate the fire. 
Sensitivity analysis should also be performed to determine the 
effect on response from changes in the expected fire growth 
rate. In some analyses the effect on response will be negligible. 
Other cases might show that a more thorough analysis of 
potential fuels and fire scenarios is necessary. 


B-3.2.7 Threshold Fire Size. The user should refer to previ- 
ous sections regarding discussions on determining threshold 
fire sizes (Qno and Qrr) to meet the design objectives. 


B-3.3 Heat Detector Spacing. 


B-3.3.1 Fixed-Temperature Heat Detector Spacing. The fol- 
lowing method can be used to determine the response of 
fixed-temperature heat detectors for designing or analyzing 
heat detection systems. 


B-3.3.1.1 The objective of designing a detection system is to 
determine the spacing of detectors required to respond to a 
given set of conditions and goals. In order to achieve the 
objectives, detector response must occur when the fire reaches 
a critical heat release rate, or in a specified time. 


Listed Underwriters Laboratories Inc. Factory Mutual Research 
Spacing Corporation 
(ft) 128° 135° 145° 160° 170° 196° (All Temperatures) 
10 400 330 262 195 160 97 196 
15 250 190 156 110 89 45 110 
20 165 135 105 70 52 17 70 
25 124 100 78 48 32 = 48 
30 95 80 61 36 22 — 36 
40 71 57 41 18 _ — — 
50 59 44 30 — — — — 
70 36 24 9 — — — — 


For SI units: 1 ft = 0.305 m. 
Notes: 


1. These time constants are based on an analysis [10] of the Underwriters Laboratories Inc. and Factory Mutual listing test procedures. 
2. These time constants can be converted to response time index (RTI) values by using the following equation: 


RTI = 1 (5.0 ft/sec) !/? (Refer also to B-3.3.) 
“At a reference velocity of 5 ft/sec (1.5 m/sec). 
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B-3.3.1.2 When analyzing an existing detection system, the 
engineer is looking to determine the size of the fire at the time 
that the detector responds. 


B-3.3.2 Theoretical Background. [26, 28] 


B-3.3.2.1 The design and analysis methods contained in 
Appendix B are the joint result of extensive experimental 
work and of mathematical modeling of the heat and mass 
transfer processes involved. The original method was devel- 
oped by Heskestad and Delichatsios [9, 10], Beyler [4], and 
Schifiliti [16]. It was recently updated by Marrion [28] to 
reflect changes in the original correlations as discussed in 
work by Heskestad and Delichatsios [11] and Marrion [27]. 
Subsection B-3.3.2 outlines methods and data correlations 
used to model the heat transfer to a heat detector, as well as 
velocity and temperature correlations for growing fires at the 
location of the detector. Only the general principles are 
described here. More detailed information is available in Ref- 
erences 4, 9, 10, 16, and 28 in Appendix C. 


B-3.3.3 Heat Detector Correlations. [26, 28] The heat trans- 
fer to a detector can be described by the following equation: 


Qrotal a Qoond m Qoony + Qraa( kW or Btu/sec) (6) 


where: 
Qota = total heat transfer to a detector 
Qona = conductive heat transfer 
Qionv = convective heat transfer 
Qua = radiative heat transfer 


B-3.3.3.1 Because detection typically occurs during the initial 
stages of a fire, the radiant heat transfer component (Q,,q) can 
be considered negligible. In addition, because the heat sens- 
ing elements of most of the heat detectors are thermally iso- 
lated from the rest of the detection unit, as well as from the 
ceiling, it can be assumed that the conductive portion of the 
heat release rate (Q.onq) is also negligible, especially when 
compared to the convective heat transfer rate. Because the 
majority of the heat transfer to the detection element is via 
convection, the following equation can be used to calculate 
the total heat transfer: 


Q = Qoonv = AAC i= T,,)(kW or Btu/sec) (7) 
where: 
Qony = convective heat transfer 
H, = convective heat transfer coefficient for the detec- 
tor in kW/m?-°C or in Btu/ft?-sec-°F 

A = surface area of the detector’s element 

T, = temperature of fire gases at the detector 

T, = temperature rating, or set point, of the detector 


B-3.3.3.2. Assuming the detection element can be treated as a 
lumped mass (m) (kg or Ibm) its temperature change can be 
defined as follows: 


dT, Q (8) 
7 ie we dee/sec) 
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where: 
Q = heat release rate (Btu/sec or kW) 
m = detector element’s mass 
c = detector element’s specific heat (kJ/kg-°C or 


Btu/lbm-°F) 


B-3.3.3.3 Substituting this into the previous equation, the 
change in temperature of the detection element over time can 
be expressed as follows: 


aTy HAT ,- Ta) (9) 
dt mc 
Note that the variables are identified in Section B-7. 


B-3.3.3.4 The use of a time constant (T) was proposed by 
Heskestad and Smith [8] in order to define the convective 
heat transfer to a specific detector’s heat sensing element. 
This time constant is a function of the mass, specific heat, con- 
vective heat transfer coefficient, and area of the element and 
can be expressed as follows: 


mc 
t= —— (sec (10) 
HA (sec) 
where: 
m = detector element’s mass 
c = detector element’s specific heat (kJ/kg-°C or 
Btu/lbm-°F) 
H, = convective heat transfer coefficient for the detec- 
tor (kW/m2-°C or Btu/ft?-sec-°F) 
A =_ surface area of the detector’s element 
t = detector time constant 


B-3.3.3.5 As seen in the equation (10), T is a measure of the 
detector’s sensitivity. By increasing the mass of the detection 
element, the time constant, and thus the response time, 
increases. 


B-3.3.3.6 Substituting into equation (9) produces the following: 


dT, _ 1 ,-T, 


“dt T 
Note that the variables are identified in Section B-7. 


B-3.3.3.7 Research has shown [24] that the convective heat 
transfer coefficient for sprinklers and heat detection elements 
are similar to that of spheres, cylinders, and so on, and is thus 
approximately proportional to the square root of the velocity 
of the gases passing the detector. As the mass, thermal capac- 
ity, and area of the detection element remain constant, the fol- 
lowing relationship can be expressed as the response time 
index (RTI) for an individual detector: 


tu? ~ toug = RTI (11) 


where: 


t = detector time constant 
velocity of fire gases (m/sec) 
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uy = instantaneous velocity of fire gases 
(m/sec or ft/sec) 


RTI = __ response time index 


B-3.3.3.8 If) is measured at a given reference velocity (ug), T 
can be determined for any other gas velocity (w) for that detec- 
tor. A plunge test is the easiest way to measure Tp. It has also 
been related to the listed spacing of a detector through a cal- 
culation. Table B-3.2.5.1 presents results from these calcula- 
tions [10]. The RTI value can then be obtained by multiplying 
T values by w!/?. 


B-3.3.3.9 It has become customary to refer to the time constant 
using a reference velocity of uw = 5 ft/sec (1.5 m/sec). For exam- 
ple, where w = 5 ft/sec (1.5 m/sec), a Tt of 30 seconds corre- 
sponds to an RTI of 67 sec!/?/ft!/? (or 36 sec!/?/m!/?). On the 
other hand, a detector that has an RTI of 67 sec!/2/ft!/2 would 
have a T) of 23.7 sec, if measured in an air velocity of 8 ft/sec 
(2.4 m/sec). 


B-3.3.3.10 The following equation can therefore be used to cal- 
culate the heat transfer to the detection element, and thus deter- 
mine its temperature from its local fire-induced environment. 


1/2 
dT, wu (T,~ Ty) (12) 
“dt RTI 
Note that the variables are identified in Section B-7. 


B-3.3.4 Temperature and Velocity Correlations. [26, 28] In 
order to predict the operation of any detector, it is necessary 
to characterize the local environment created by the fire at the 
location of the detector. For a heat detector, the important 
variables are the temperature and velocity of the gases at the 
detector. Through a program of full-scale tests and the use of 
mathematical modeling techniques, general expressions for 
temperature and velocity at a detector location have been 
developed by Heskestad and Delichatsios (refer to references 
4,9, 10, and 16 in Section C-2). These expressions are valid for 
fires that grow according to the following power law relation- 
ship: 


Q(kW) = o(Btu/sec”)¢? (13) 
where: 
Q = theoretical convective fire heat release rate 
a = fire growth rate 
t = time 
p = positive exponent 


B-3.3.4.1 Relationships have been developed by Heskestad 
and Delichatsios [9] for temperature and velocity of fire gases 
in a ceiling jet. These have been expressed as follows [26]: 


U Y 
os = AV/G+D GD pfP- 073+) = s( 7) (14) 


r AT 


a 
E ae! 42/8 (ve +P) p-G-P/B +P) 


& 


where: 


t 
(== 
P AVG + by + p) A/G +p) 


and 


Apes 
Cy T,Po 


Note that the variables are identified in Section B-7. 


B-3.3.4.2 Using the above correlations, Heskestad and Deli- 
chatsios [9], and with later updates from another paper by 
Heskestad [11], the following correlations were presented for 
fires that had heat release rates that grew according to the 
power law equation, with p = 2. As previously discussed [10, 
18], the p = 2 power law fire growth model can be used to 
model the heat release rate of a wide range of fuels. These fires 
are therefore referred to as t-squared fires. 


ty = 0.861(1 +2) (15) 


AT2 = 0 for tz < log 


: o_o BBE oot sg 
RT ce fee" ee 
e | ora + ah si a 


* 


uy 5 0.63 
a 0.59( 7) 


(AT? ) 

Note that the variables are identified in Section B-7. 
B-3.3.4.3 Work by Beyler [4] determined that the above tem- 
perature and velocity correlations could be substituted into 


the heat transfer equation for the detector and integrated. His 
analytical solution is as follows: 


¥. 


dT (0) (sar )ee ane) 


eG 
t2 


where: 


= (a) > i 2 “(3 2 -) me 
=\q = AT. 1/2 RTI a 
and 


D = 0.146 + 0.2427r/ H 
Note that variables are identified in Section B-7. 


B-3.3.4.4 The steps involved in solving these equations for 
either a design or analysis situation are presented in Figure 
B-3.3.4.4 [28]. 
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Figure B-3.3.4.4 Fire detection design and analysis worksheet. [28] 


Fire Detection Design and Analysis Worksheet [28] 
Design Example 


Determine ambient temperature ( Tq) ceiling height aaa 7 
or height above fuel (H). 
Determine the fire growth characteristic (@ or tg) for 
the expected design fire. a = 
= Define the characteristics of the detectors. - = mays 
=: 42 ___> i =__sec 


Design — Establish system goals (t¢p or QgR) and 
make a first estimate of the distance (r) from the fire 
to the detector. 


eo 
as 


ise) 
ion 


be “I » 
or > ‘ t f : : . ‘ 


Analysis — Determine spacing of existing 
detectors and make a first estimate of the response 
time or the fire size at detector response (Q = ot”). 


Using equation (15), calculate the nondimensional 
time (5 ,) at which the initial heat front reaches the 
detector. 


Calculate the factor A defined in equation (14). = 
t 


Use the required response time along with 
equation (14) and p = 2 to calculate the 
corresponding value of oF 


Or 


~ A-1M(3+p) -1/(3 +p) 77 4/(3 +p) 
A 4 H 


If t* > ¢* continue to step 8. If not, try a new 
detector position (7) and return to step 4. 


=A UG+p) , UG+P) Fy (P-D/G+p) 
s AT 3 : 
Calculate the ratio ——, using equation (19). 


AT: 


e 
Oo 


Use equation (15) to calculate AT}. 


rs 


u 


2 
(are. 


ay 


Use equation (17) to calculate the ratio 


= 
i) 


Use equations (16) and (17) to calculate Y. i‘ “ (se | t Jp 
_ ral 


e 
co 


Fixed Temperature HD — Use equation (16) to 
calculate the resulting temperature of the detector. 


— 


Rate of Rise HD — Use equation (16). 


Repeat Procedure Using 
Design Analysis 
1. a larger r 1. a larger t; 
2. asmallerr 2. asmaller t, 
3.s=141xr=____ a 
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B-3.3.5 Limitations. [26] If velocity and temperature of the 
fire gases flowing past a detector cannot be accurately deter- 
mined, errors will be introduced when calculating the 
response of a detector. The graphs presented by Heskestad 
and Delichatsios indicate the errors in the calculated fire gas 
temperatures and velocities [10]. A detailed analysis of these 
errors is beyond the scope of this appendix, however, some 
discussion is warranted. In using the method described above, 
the user should be aware of the limitations of these correla- 
tions, as outlined in Reference 26. The designer should also 
refer back to the original reports. 

Graphs of actual and calculated data show that errors in 
AT,* can be as high as 50 percent, although generally there 
appears to be much better agreement. The maximum errors 
occur at r/H values of about 0.37. All other plots of actual and 
calculated data, for various r/H, show much smaller errors. In 
terms of the actual change in temperature over ambient, the 
maximum errors are on the order of 5°C to 10°C. The larger 
errors occur with faster fires and lower ceilings. 

At r/H = 0.37, the errors are conservative when the equa- 
tions are used in a design problem. That is, the equations 
predicted lower temperatures. Plots of data for other values 
of r/H indicate that the equations predict slightly higher 
temperatures. 

Errors in fire—gas velocities are related to errors in tempera- 
tures. The equations show that the velocity of the fire gases is 
proportional to the square root of the change in temperatures 
of the fire gases. In terms of heat transfer to a detector, the 
detector’s change in temperature is proportional to the change 
in gas temperature and the square root of the fire—gas velocity. 
Hence, the expected errors bear the same relationships. 

Based on the above, errors in predicted temperatures and 
velocities of fire gases will be greatest for fast fires and low ceil- 
ings. Sample calculations simulating these conditions show 
errors in calculated detector spacings on the order of plus or 
minus one meter, or less. 


B-3.3.5.1 The procedures presented in this appendix are 
based on an analysis of test data for ceiling heights up to 30 ft 
(9.1 m). No data was analyzed for ceilings greater than 30 ft 
(9.1 m). The reader should refer to Reference 40 for addi- 
tional insight. 

B-3.3.6 Design Examples. 


B-3.3.6.1 Define Project Scope. A fire detection system is to 
be designed for installation in an unsprinklered warehouse 
building. The building has a large, flat ceiling that is approxi- 
mately 4 m (13.1 ft) high. The ambient temperature inside is 
normally 10°C (50°F). The municipal fire service has indi- 
cated that it can begin putting water on the fire within 5.25 
minutes of receiving the alarm. 


B-3.3.6.2 Identify Goals. Provide protection of property. 


B-3.3.6.3 Define Stakeholder’s Objective. No fire spread from 
initial fuel package. 


B-3.3.6.4 Define Design Objective. Prevent radiant ignition 
of adjacent fuel package. 


B-3.3.6.5 Develop Performance Criteria. After discussions 
with the plant fire brigade with regard to their capability and 
analyzing the radiant energy levels necessary to ignite adjacent 
fuel packages it was determined that the fire should be 
detected and suppression activities started prior to it reaching 
10,000 kW. 


B-3.3.6.6 Develop Fire Scenarios and the Design Fire. 


Evaluation of the potential contents to be warehoused identi- 
fied the areas where wood pallets are stored to be one of the 
highest fire hazards. 


B-3.3.6.6.1 The fire scenario involving the ignition of a stack 
of wood pallets will therefore be evaluated. The pallets are 
stored 1.5 m (5 ft) high. Fire test data [see Table B-2.3.2.3.1(a)] 
indicate that this type of fire follows the ? power law equation 
with a f, equal to approximately 150 to 310 seconds. In order 


to be conservative, the faster fire growth rate will be used. 
Thus, 


Q(kW) = 0(kW/sec?)¢? 
o(kW/sec”) (150 sec)” 


a = 0.047(kW/sec”) 
Note that variables are identified in Section B-7. 


1055(kW) 


B-3.3.6.7 Using the power law growth equation with p= 2, the 
time after open flaming until the fire grows to 10,000 kW can 
be calculated as follows: 


_ (1055), 2 
Q= (225 = at (18) 


tpg = 461 seconds 
Note that variables are identified in Section B-7. 


B-3.3.6.8 The critical heat release rate and time to detection 
can therefore be calculated as follows, assuming fespona Equals 
the 1 minute necessary for the fire brigade to respond to the 
alarm and begin discharging water. 


‘cr = 'po7 brespond (19) 
tor = 461-315 = 146 seconds 
and thus 


2 
Qcr = Olcor 
Qcr= 1000 kw 
Note that variables are identified in Section B-7. 


B-3.3.7 Develop Candidate Designs. Fixed-temperature heat 
detectors have been selected for installation in the warehouse 
with a 57°C (135°F) operating temperature and a UL-listed 
spacing of 30 ft (9.1 m). From Table B-3.2.5.1, the time con- 
stant is determined to be 80 seconds when referenced to a gas 
velocity of 1.5 m/sec (5 ft/sec). When used with equation 
(11), the detector’s RTI can be calculated as follows: 


1/2 
Ril = ku 
00 ; ; (20) 
RTI = 98 m!’sec!”? 


B-3.3.7.1 In order to begin calculations, it will be necessary to 
make a first guess at the required detector spacing. For this 


example, a first estimate of 4.7 m (15.3 ft) is used. This corre- 
lates to a radial distance of 3.3 m (10.8 ft). 


B-3.3.8 Evaluate Candidate Designs. These values can then 
be entered into the design and analysis worksheet shown in 
Figure B-3.3.8 in order to evaluate the candidate design. 
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Figure B-3.3.8 Fire detection design and analysis worksheet [28] — design example. 


Fire Detection Design and Analysis Worksheet [28] 
Design Example 


Determine ambient temperature ( Tq) ceiling height al =_ 10°C +: 273 = 
or height above fuel (H). _ 4, m 
Determine the fire growth characteristic (@ or tg) for as O47 kW/s? 

the expected design fire. ua =_~=~=+150 —__ssec 


Define the characteristics of the detectors. ml2s1/2 


eo 
Ss 


Design — Establish system goals (tcp or QqR) and 
make a first estimate of the distance (r) from the fire 
to the detector. 


iSy) 
ion 


be ~ » 
or > ‘ t f : . : ‘ 


Analysis — Determine spacing of existing 
detectors and make a first estimate of the response 
time or the fire size at detector response (Q = at). 


Using equation (15), calculate the nondimensional 
time (¢5 n) at which the initial heat front reaches the 
detector. 


5. Calculate the factor A defined in equation (14). = 
t 


Use the required response time along with 
equation (14) and p = 2 to calculate the 


corresponding value of oF 7= 12.98 


~ A-1(3+p) -1/(3 +p) 77 4/(3 +p) 
A 3 H 


If t* > ¢* continue to step 8. If not, try a new 
detector position (r) and return to step 4. 


Calculate the ratio 7 using equation (18). LU _ Ailea+p) a +P) FT (p-D/B+p) 


5 % 


Calculate the ratio ra using equation (19). 


e 
Oo 


Use equation (15) to calculate AT). 


ra 


ry 


Use equation (17) to calculate the ratio —— 
(AT*)V2 


= 
i) 


Use equations (16) and (17) to calculate Y. u nie us 2 AT.) t D 
us ar V2 a 


e 
co 


Fixed Temperature HD — Use equation (16) to 
calculate the resulting temperature of the detector. 


— 


Rate of Rise HD — Use equation (16). J ary (l-e”) 


“ [(t/t) )D] 


Repeat Procedure Using 
Design Analysis 
1. a larger r 1. a larger t, 
2. asmallerr 2. asmaller t, 
3.s=141xr=_4.7 m 3. tp = 
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B-3.3.8.1 After 146 seconds, when the fire has grown to 1000 
kW and ata radial distance of 3.3 m (10.8 ft) from the center 
of the fire, the detector temperature is calculated to be 57°C. 
This is the detector actuation temperature. If the calculated 
temperature of the detector were higher than the actuation 
temperature, then the radial distance could be increased. The 
calculation would then be repeated until the calculated detec- 
tor temperature is approximately equal to the actuation tem- 
perature. 


B-3.3.8.2 The last step is to use the final calculated value of r 
with the equation relating spacing to radial distance. This will 
determine the maximum installed detector spacing that will 
result in detector response within the established goals. 


Gag ey 
S=47m 


(21) 


where: 


~ 
Il 


spacing of detectors 


5 
Il 


radial distance from fire plume axis (m or ft) 
B-3.3.8.3 Example of Analysis. 


B-3.3.8.3.1 The following example shows how an existing heat 
detection system or a proposed design can be analyzed to 
determine the response time or fire size at response. The sce- 
nario that was analyzed in the previous example will be used 
again, with the exception that the warehouse building has 
existing heat detectors. The fire, building, and detectors have 
the same characteristics as the previous example with the 
exception of spacing. The detectors are spaced evenly on the 
ceiling at 9.2 m (30 ft) intervals. 


B-3.3.8.3.2 The following equation is used to determine the 
maximum radial distance from the fire axis to a detector: 


S = 1.414r (22) 
or 
ese 
1.414 
r=6.5m 
where: 
S = spacing of detectors 
ry = radial distance from fire plume axis (m or ft) 


B-3.3.8.3.3 Next, the response time of the detector or the fire 
size at response is estimated. In the design above, the fire grew 
to 1000 kW in 146 seconds when the detector located at a dis- 
tance of 3.3 m (10.8 ft) responded. As the radial distance in 
this example is larger, a slower response time and thus a larger 
fire size at response is expected. A first approximation at the 
response time is made at 3 minutes. The corresponding fire 
size is found using the following p = 2 power law fire growth 
equation: 


Q(kW) = 0(kW/sec”)t? 


Q = (1055/1507)(180 sec)” 
Q = 1519 kW 


B-3.3.8.3.4 This data can be incorporated into the fire detec- 
tion design and analysis worksheet shown in Figure B-3.3.8.3.4 
in order to carry out the remainder of the calculations. 
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Figure B-3.3.8.3.4 Fire detection design and analysis worksheet [28] — analysis example 2. 


Fire Detection Design and Analysis Worksheet [28] 
Analysis Example 2 


Determine ambient temperature ( Tq) ceiling height ae =_ 10 °C +: 273 = 
or height above fuel (H). _ 4 om 
Determine the fire growth characteristic (@ or tg) for as O47 kW/s? 

the expected design fire. ua =_~=~=+150 —__ssec 


Define the characteristics of the detectors. = 98 mi/2s 2 


sec 


eo 
Ss 


Design — Establish system goals (tcp or QqR) and 
make a first estimate of the distance (r) from the fire 
to the detector. 


iSy) 
ion 


be ~ » 
or > ‘ t f : . : ‘ 


Analysis — Determine spacing of existing 6.5 *1.41= 
detectors and make a first estimate of the response 1,523 kW 
time or the fire size at detector response (Q = at). 


Using equation (15), calculate the nondimensional t = 0.861 (14+ 2) 
time (¢5 n) at which the initial heat front reaches the - A 


detector. = 2.26 


5. Calculate the factor A defined in equation (14). A= —~3— 
‘Dp 
A= 
i 


Use the required response time along with 
equation (14) and p = 2 to calculate the 


corresponding value of oF 


) -1/8+p) p74/B+p) 
a AH 


If ¢* 5 ¢* continue to step 8. If not, try a new 
detector position (r) and return to step 4. 


Calculate the ratio 7 using equation (18). LU _ Ailea+p) a +P) FT (p-D/B+p) 


5 % 


Calculate the ratio ra using equation (19). 


e 
Oo 


Use equation (15) to calculate AT). 


AT = 75.01 


ra 


ry 


Use equation (17) to calculate the ratio —— 
(AT*)V2 


= 
i) 


Use equations (16) and (17) to calculate Y. us me AT) t D 
AY ve ml 


e 
co 


Fixed Temperature HD — Use equation (16) to 
calculate the resulting temperature of the detector. 


— 


Rate of Rise HD — Use equation (16). 4 ar air e”) 


Repeat Procedure Using 
Design Analysis 
1. a larger r 1. a larger t, 
2. asmallerr 2. asmaller t, 
38.s=141xr=____ 3. tp = 
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B-3.3.8.3.5 Using a radial distance of 6.5 m (21 ft) from the 
axis of this fire, the temperature of the detector is calculated 
to be 41°C (106°F) after 3 minutes of exposure. The detector 
actuation temperature is 57°C (135°F). Thus, the detector 
response time is more than the estimated 3 minutes. If the cal- 
culated temperature were more than the actuation tempera- 
ture, then a smaller ¢ would be used. As in the previous 
example, calculations should be repeated varying the time to 
response until the calculated detector temperature is approx- 
imately equal to the actuation temperature. For this example, 
the response time is estimated to be 213 seconds. This corre- 
sponds to a fire size at response of 2132 kW. 


B-3.3.8.4 The above examples assume that the fire continues 
to follow the t-squared fire growth relationship up to detector 
activation. These calculations do not check whether this will 
happen, nor do they show how the detector temperature var- 
ies once the fire stops following the power law relationship. 
The user should therefore determine that there will be suffi- 
cient fuel, as the above correlations do not perform this anal- 
ysis. If there is not a sufficient amount of fuel, then there is the 
possibility that the heat release rate curve will flatten out or 
decline before the heat release rate needed for actuation is 
reached. 


B-3.3.8.5 Tables B-3.3.8.5(a) through (k) provide a compari- 
son of heat release rates, response times, and spacings when 
variables characteristic of the fires, detectors, and room are 
changed from the analysis example. 


Table B-3.3.8.5(a) Operating Temperature Versus Heat 
Transfer Rate (S = 30 ft) 


Operating Temperature Heat Release Rate 
(kW) /Response 

°C °F Time (sec) 

57 135 2132/213 

74 165 2798 /244 

93 200 3554/275 


Table B-3.3.8.5(b) Operating Temperature Versus Spacing 
(Q, = 1000 kW) 


Operating Temperature 


°C °F Spacing (m) 
57 135 4.7 
74 165 3.5 
93 200 2.5 


Table B-3.3.8.5(c) RTI Versus Heat Release Rate (S = 30 ft) 


Table B-3.3.8.5(d) RTI Versus Spacing (Q, = 1000 kW) 


RTI 
m!/? sec!/2 ft!/2 sec!/? Spacing (m) 
50 93 6.1 
150 280 3.7 
300 560 2.3 


Table B-3.3.8.5(e) Ambient Temperature Versus Heat 
Release Rate ($ = 30 ft) 


Ambient Temperature Heat Release Rate 
(kW) /Response 
°C °F Time (sec) 
0 32 2552/233 
20 68 1751/193 
38 100 1058/150 


Table B-3.3.8.5(f) Ambient Temperature Versus Spacing 
(Q, = 1000 kW) 


Ambient Temperature 

°C °F Spacing (m) 
0 32 3.8 

20 68 5.7 

38 100 8.8 


Table B-3.3.8.5(g) Ceiling Height Versus Heat Release Rate 
(S$ = 30 ft) 


Ceiling Height Heat Release Rate 
(kW) /Response 
m ft Time (sec) 
2.4 8 1787/195 
4.9 16 2358/224 
7.3 24 3056/255 


Table B-3.3.8.5(h) Ceiling Height Versus Spacing 
(Q, = 1000 kW) 


RTI Heat Release Rate Ceiling Height 
(kW) /Response 
m!/2 sec!/2 ft!/2 sec!/2 Time (sec) m ft Spacing (m) 
50 93 1609/185 2.4 8 5.8 
150 280 2640/237 4.9 16 4.0 
300 560 3898/288 7.3 24 2.1 
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Table B-3.3.8.5(i) Detector Spacing Versus Heat Release 
Rate (S = 30 ft) 


Detector Spacing Heat Release Rate 


(kW) /Response 
m ft Time (sec) 
4.6 15 1000/146 
9.1 30 2132/213 
15.2 50 4146/297 


Table B-3.3.6.1.3(j) Fire Growth Rate Versus Heat Release 
Rate (S = 30 ft) 


Heat Release Rate (kW) / 


Fire Growth Rate Response Time (sec) 
Slow 1, = 400 sec 1250/435 
Medium {, = 250 sec 1582/306 
Fast t,= 100 sec 2769/162 


Table B-3.3.6.1.3(k) Fire Growth Rate Versus Spacing 
Q,,= 1000 kW) 


Fire Growth Rate Spacing (m) 
Slow t, = 400 sec 8.2 
Medium ¢, = 250 sec 6.5 
Fast f,= 100 sec 3.7 


B-3.3.9 Rate-of-Rise Heat Detector Spacing. The procedure 
presented above can be used to estimate the response of rate- 
of-rise heat detectors for either design or analysis purposes. In 
this case, it is necessary to assume that the heat detector 
response can be modeled using a lumped mass heat transfer 
model. 


B-3.3.9.1 The user must determine the rate of temperature 
rise at which the detector will respond from the manufac- 
turer’s data. [Note that listed rate-of-rise heat detectors are 
designed to activate at a nominal rate of temperature rise of 
15°F (8°C) per minute.] The user must use equation (17) 
instead of equation (16) in order to calculate the rate of 
change of the detector temperature. This value is then com- 
pared to the rate of change at which the chosen detector is 
designed to respond. 


NOTE: The assumption that heat transfer to a detector can 
be modeled as a lumped mass might not hold for rate-of-rise 
heat detectors. This is due to the operating principle of this 
type of detector, in that most rate-of-rise detectors operate 
when the expansion of air in a chamber expands at a rate faster 
than it can vent through an opening. To accurately model the 
response of a rate-of-rise detector would require modeling the 
heat transfer from the detector body to the air in the chamber, 
as well as the air venting through the hole. 


B-3.3.9.2 Rate Compensation-Type Heat Detectors. Rate- 
compensated detectors are not specifically covered by 
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Appendix B. However, a conservative approach to predicting 
their performance is to use the fixed-temperature heat 
detector guidance contained herein. 


B-4 Smoke Detector Spacing for Flaming Fires. 
B-4.1 Introduction. 


B-4.1.1 The listing investigation for smoke detectors does not 
yield a “listed spacing” as it does for heat detectors. Instead, 
the manufacturers recommend a spacing. Because the largest 
spacing that can be evaluated in the full-scale fire test room is 
30 ft (9.1 m), it has become common practice to recommend 
this 30-ft (9.1-m) spacing for smoke detectors when they are 
installed on flat, smooth ceilings. Reductions in smoke detec- 
tor spacing are made empirically to address factors that can 
affect response, including ceiling height, beamed or joisted 
ceilings, and areas that have high rates of air movement. 


B-4.1.1.1 The placement of smoke detectors, however, should 
be based on an understanding of fire plume and ceiling jet 
flows, smoke production rates, particulate changes due to 
aging, and the operating characteristics of the particular 
detector being used. The heat detector spacing information 
presented in Section B-3 is based on knowledge of plume and 
jet flows. An understanding of smoke production and aging 
lags considerably behind an understanding of heat produc- 
tion. In addition, the operating characteristics of smoke detec- 
tors in specific fire environments are not often measured or 
made generally available for other than a very few number of 
combustible materials. Therefore, the existing knowledge 
base precludes the development of complete engineering 
design information for smoke detector location and spacing. 


B-4.1.1.2 In design applications where predicting the 
response of smoke detectors is not critical, the spacing criteria 
presented in Chapter 2 should provide sufficient information 
to design a very basic smoke detection system. However, if the 
goals and objectives established for the detection system 
require detector response within a certain amount of time, 
optical density, heat release rate, or temperature rise, then 
additional analysis might be needed. For these situations, 
information regarding the expected fire characteristics (fuel 
and its fire growth rate), transport characteristics, detector 
characteristics, and compartment characteristics is required. 
The following information regarding smoke detector 
response and various performance-based approaches to evalu- 
ating smoke detector response is therefore provided. 


B-4.1.2 Response Characteristics of Smoke Detectors. 
B-4.1.2.1 General. 


B-4.1.2.1.1 In order to determine whether a smoke detector 
will respond to a given Qrr, a number of factors need to be 
evaluated. These factors include smoke characteristics, smoke 
transport, and detector characteristics. 


B-4.1.2.2 Smoke Characteristics. 


B-4.1.2.2.1 Smoke characteristics are a function of the fuel 
composition, the mode of combustion (smoldering or flam- 
ing), and the amount of mixing with the ambient air (dilu- 
tion). These factors are important for determining the 
characteristics of the products of combustion, such as particle 
size, distribution, composition, concentration, refractive 
index, etc. The significance of these features with regard to 
smoke detector response are well documented. [29,30] 
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B-4.1.2.2.2 Whether smoke detectors detect by sensing scat- 
tered light, loss of light transmission (light extinction), or 
reduction of ion current, they are particle detectors. Thus, 
particle concentration, size, color, size distribution, and so on, 
affect each sensing technology differently. It is generally 
accepted that a flaming, well-ventilated, energetic fire pro- 
duces smoke having a larger proportion of the sub-micron 
diameter particulates as opposed to a smoldering fire that pro- 
duces smoke with a predominance of large, super-micron par- 
ticulates. It is also known that as the smoke cools the smaller 
particles agglomerate, forming larger ones as they age, and 
are carried away from the fire source. More research is neces- 
sary to provide sufficient data to allow the prediction of smoke 
characteristics at the source, as well as during transport. Fur- 
thermore, response models must be developed that can pre- 
dict the response of a particular detector to different kinds of 
smoke as well as smoke that has aged during the flow from the 
fire to the detector location. 


B-4.1.2.3 Transport Considerations. 


B-4.1.2.3.1 General. All smoke detection relies on the 
plume and ceiling jet flows to transport the smoke from the 
locus of the fire to the detector. Various considerations must 
be addressed during this transport time, including changes to 
the characteristics of the smoke that occur with time and dis- 
tance from the source, and transport time of smoke from the 
source to the detector. 


B-4.1.2.3.2 The smoke characteristic changes that occur dur- 
ing transport relate mainly to the particle size distribution. 
Particle size changes during transport occur mainly as a result 
of sedimentation and agglomeration. 


B-4.1.2.3.3 Transport time is a function of the characteristics 
of the travel path from the source to the detector. Important 
characteristics that should be considered include ceiling 
height and configuration (for example, sloped, beamed), 
intervening barriers such as doors and beams, as well as dilu- 
tion and buoyancy effects such as stratification that might 
delay or prevent smoke in being transported to the detector. 


B-4.1.2.3.4 In smoldering fires, thermal energy provides a 
force for transporting smoke particles to the smoke sensor. 
However, usually in the context of smoke detection, the rate 
of energy (heat) release is small and the rate of growth of the 
fire is slow. Consequently, other factors such as ambient air- 
flow from HVAC systems, differential solar heating of the 
structure, and wind cooling of the structure can have a domi- 
nant influence on the transport of smoke particles to the 
smoke sensor when low-output fires are considered. 


B-4.1.2.3.5 In the early stages of development of a growing 
fire, the same interior environmental effects, including ambi- 
ent airflow from HVAC systems, differential solar heating of 
the structure, and wind cooling of the structure, can have a 
dominant influence on the transport of smoke. This is partic- 
ularly important in spaces having high ceilings. Greater ther- 
mal energy release from the fire is necessary to overcome 
these interior environmental effects. Because the fire must 
attain a sufficiently high level of heat release before it can 
overcome the interior environmental airflows and drive the 
smoke to the ceiling-mounted detectors, the use of closer spac- 
ing of smoke detectors on the ceiling might not significantly 
improve the response of the detectors to the fire. Therefore, 
when considering ceiling height alone, smoke detector spac- 
ing closer than 30 ft (9.1 m) might not be warranted, except 


in instances where an engineering analysis indicates addi- 
tional benefit will result. Other construction characteristics 
also should be considered. (Refer to the appropriate sections 
of Chapter 2 dealing with smoke detectors and their use for 
the control of smoke spread.) 


B-4.1.2.3.6 Smoke Dilution. Smoke dilution causes a reduc- 
tion in the quantity of smoke per unit of air volume of smoke 
reaching the detector. Dilution typically occurs either by 
entrainment of air in the plume or the ceiling jet or by effects 
of HVAC systems. Forced ventilation systems with high air 
change rates typically cause the most concern, particularly in 
the early stages of fire development, when smoke production 
rate and plume velocity are both low. Airflows from supply as 
well as return vents can create defined air movement patterns 
within a compartment, which can either keep smoke away 
from detectors that are located outside of these paths or can 
inhibit smoke from entering a detector that is located directly 
in the airflow path. [26] 


B-4.1.2.3.7 There currently are no quantitative methods for 
estimating either smoke dilution or airflow effects on locating 
smoke detectors. These factors should therefore be considered 
qualitatively. The designer should understand that the effects of 
airflow become larger as the fire size at detection (Q-p) gets 
smaller. Depending on the application, the designer might find 
it useful to obtain airflow and velocity profiles within the room 
or to even conduct small-scale smoke tests under various condi- 
tions to assist in the design of the system. 


B-4.1.2.3.8 Stratification. 


B-4.1.2.3.8.1 The potential for the stratification of smoke is 
another concern in designing and analyzing the response of 
detectors. This is of particular concern with the detection of 
low-energy fires and fires in compartments with high ceilings. 


B-4.1.2.3.8.2 The upward movement of smoke in the plume 
depends on the smoke being buoyant relative to the surround- 
ing air. Stratification occurs when the smoke or hot gases flow- 
ing from the fire fail to ascend to the smoke detectors 
mounted at a particular level (usually on the ceiling) above 
the fire due to the loss of buoyancy. This phenomenon occurs 
due to the continuous entrainment of cooler air into the fire 
plume as it rises, resulting in cooling of the smoke and fire 
plume gases. The cooling of the plume results in a reduction 
in buoyancy. Eventually the plume cools to a point where its 
temperature equals that of the surrounding air and its buoy- 
ancy diminishes to zero. Once this point of equilibrium is 
reached, the smoke will cease its upward flow and form a layer, 
maintaining its height above the fire, regardless of the ceiling 
height, unless and until sufficient additional thermal energy is 
provided from the fire to raise the layer due to its increased 
buoyancy. The maximum height to which plume fluid 
(smoke) will ascend, especially early in the development of a 
fire, depends on the convective heat release rate of the fire 
and the ambient temperature in the compartment. 


B-4.1.2.3.8.3 Because warm air rises, there will usually be a 
temperature gradient in the compartment. Of particular 
interest are those cases where the temperature of the air in 
the upper portion of the compartment is greater than at the 
lower level before the ignition. This can occur as a result of 
solar load where ceilings contain glazing materials. Compu- 
tational methods are available to assess the potential for 
intermediate stratification for the following two cases, 
depicted in Figure B-4.1.2.3.8.3(a). 
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Case 1. The temperature of the ambient is relatively con- 
stant up to a height above which there is a layer of warm air at 
uniform temperature. This situation can occur if the upper 
portion of a mall, atrium, or other large space is unoccupied 
and the air is left unconditioned. 


Case 2. The ambient interior air of the compartment has a 
constant and uniform temperature gradient (temperature 
change per unit height) from floor to ceiling. This case is gen- 
erally encountered in industrial and storage facilities that are 
normally unoccupied. 


The analysis of intermediate stratification is presented in 
Figure B-4.1.2.3.8.3(b). Plume centerline temperatures from 
two fires, 1000 kW and 2000 kW, are graphed based on esti- 
mates from correlations presented in this section. In Case 1, a 
step function is assumed to indicate a 30°C/m change in tem- 
perature 15 m above the floor due to the upper portion of the 
atrium being unconditioned. For Case 2, a temperature gradi- 
ent of 1.5°C/m is arbitrarily assumed in an atrium that has a 
ceiling height of 20 m. 


Figure B-4.1.2.3.8.3(a) Pre-fire temperature profiles. 


Temperature Temperature 
profile: Case 1__ profile: Case 2 


Figure B-4.1.2.3.8.3(b) Indoor air and plume temperature profiles 
with potential for intermediate stratification. 
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B-4.1.2.3.8.4 Step Function Temperature Gradient Spac- 
es. If the interior air temperature exhibits a discrete change 
at some elevation above the floor, the potential for stratifica- 
tion can be assessed by applying the plume centerline temper- 
ature correlation. If the plume centerline temperature is 
equal to the ambient temperature, the plume is no longer 
buoyant, loses its upward momentum, and stratifies at that 
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height. The plume centerline temperature can be calculated 
by using the following equation: 


2/3 5/3 


T, = 316Q.°z ~*~ +70 (°F) (23) 
or 
T, = 252°”? +20 (°C) 
where: 
T, = plume centerline temperature (°F or °C) 
Q. = convective portion of fire heat release rate 
(Btu/sec or kW) 
z = height above the top of the fuel package involved 
(ft or m) 


B-4.1.2.3.8.5 Linear Temperature Gradient Spaces. To 
determine whether or not the rising smoke or heat from an 
axisymmetric fire plume will stratify below detectors, the fol- 
lowing equation can be applied where the ambient tempera- 
ture increases linearly with increasing elevation: 


AT.\-3/8 
Z,, = 14.79)"(—2) (ft) (24) 


or 
AT..-3/8 
1/4 0 
Zn = 594Q, (=2) (m) 
where: 
Zn =  %Mmaximum height of smoke rise above the fire sur- 
face (ft or m) 

AT, = difference between the ambient temperature at 


the location of detectors and the ambient temper- 
ature at the level of the fire surface (°F or °C) 

Q. = convective portion of the heat release rate 
(Btu/sec or kW) 


B-4.1.2.3.8.6 The convective portion of the heat release rate 
(Q,) can be estimated as 70 percent of the heat release rate. 


B-4.1.2.3.8.7 As an alternative to using the noted expression 
to directly calculate the maximum height to which the smoke 
or heat will rise, Figure B-4.1.2.3.8.7 can be used to determine 
Z, for given fires. Where Z,,, as calculated or determined 
graphically, is greater than the installed height of detectors, 
smoke or heat from a rising fire plume is predicted to reach 
the detectors. Where the compared values of Z,, and the 
installed height of detectors are comparable heights, the pre- 
diction that smoke or heat will reach the detectors might not 
be a reliable expectation. 
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Figure B-4.1.2.3.8.7 Temperature change and maximum height of 
smoke rise for given fire sizes. 
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B-4.1.2.3.8.8 Assuming the ambient temperature varies lin- 
early with the height, the minimum Q, required to overcome 
the ambient temperature difference and drive the smoke to 
the ceiling (Z,, = H) may be determined from the following 
equation: 


Q, = 2.39x 10° PAT, (Btu/sec) (25) 


or 


5/2, 43/2 
Q, = 0.0018H “AT, (kW) 


Note that variables are identified in Section B-7. 


B-4.1.2.3.8.9 The theoretical basis for the stratification cal- 
culation is based on the works of Morton, Taylor, and Turner 
[15] and Heskestad[9]. For further information regarding the 
derivation of the expression defining Z,,, the user is referred 
to the work of Klote and Milke [13] and NFPA 92B, Guide for 
Smoke Management Systems in Malls, Atria, and Large Areas. 


B-4.1.2.4 Detector Characteristics. 


B-4.1.2.4.1_ General. Once smoke is transported to the 
detector, additional factors become important in determining 
whether response will occur. These include the aerodynamic 
characteristics of the detector and the type of sensor within 
the detector. The aerodynamics of the detector relate to how 
easily smoke can pass through the detector housing and enter 
the sensor portion of the unit. Additionally, the location of the 
entry portion to the sensor with respect to the velocity profile 
of the ceiling jet is also an important factor. Finally, different 
sensing methods (for example, ionization or photoelectric) 
will respond differently, depending on the smoke characteris- 
tics (smoke color, particle size, optical density, and so on). 
Within the family of photoelectric devices, there will be varia- 
tions depending on the wavelengths of light and the scattering 
angles employed. The following paragraphs discuss some of 
these issues and various calculation methods. 


B-4.1.2.4.2 Resistance to Smoke Entry. 


B-4.1.2.4.3 All spot-type smoke detectors require smoke to 
enter the detection chamber in order to be sensed. This 
requires additional factors to be taken into consideration 


when attempting to estimate smoke detector response, as 
smoke entry into the detection chamber can be affected in sev- 
eral ways, for example, insect screens, sensing chamber config- 
uration, and location of the detector with respect to the 
ceiling. 


B-4.1.2.4.4 In trying to quantify this, Heskestad [32] devel- 
oped the idea of smoke detector lag to explain the difference 
in optical density outside (D,,,) versus inside (D,,,) of a detector 
when the detector activates. It was demonstrated that this dif- 
ference could be explained by the use of a correction factor 
D,, using the following relationship: 


d(D,,) 
mr (26) 
Dye = “VY 
where: 
L =~ characteristic length for a given detector design, 
represents the ease of smoke entry into the sens- 
d(D,) ing chamber 
a = tale of increase of optical density outside the 
detector 
V = velocity of the smoke at the detector 


B-4.1.2.4.5 Various studies regarding this correlation have 
provided additional insight regarding smoke entry and associ- 
ated lags [33,34]; however, the difficulty in quantifying L for 
different detectors and relating it to spacing requirements 
may have limited usefulness, and the concept of critical veloc- 
ity (u,) may be more applicable. [21] 


B-4.1.2.4.6 Critical Velocity. [26] A smoke detector’s criti- 
cal velocity refers to the minimum velocity of the smoke nec- 
essary to enter the sensing chamber to cause an alarm. Flow 
across a detector causes a pressure differential between the up- 
stream and down-stream sides of the detector. This pressure 
differential is the principal driving force for the smoke enter- 
ing the unit. Experimental work has indicated that this mini- 
mum velocity is approximately 0.15 m/sec for the detectors 
tested in one particular study. [21] Once velocities were 
reduced below this level, the smoke concentration level out- 
side the detector before an alarm condition increased dramat- 
ically when compared to smoke concentration levels when the 
velocity was above the critical value. Estimating the critical 
velocity can therefore be useful for design and analysis. It is 
interesting to note that this critical velocity value (0.15 m/sec) 
is close to that at which a smoke detector must respond in the 
UL smoke detector sensitivity chamber in order to become 
listed. [35] The location in the ceiling jet where this velocity 
occurs for a given fire and ceiling height might therefore be 
considered as a first approximation for locating detectors. 
This again assumes a horizontal, smooth ceiling. 


B-4.1.2.4.7, Response to Smoke Color. Smoke detectors that 
use an optical means to detect smoke respond differently to 
smokes of different colors. 


B-4.1.2.4.8 Manufacturers currently provide limited informa- 
tion regarding the response of smoke detectors in their speci- 
fications as well as in the information contained on the labels 
on the backs of the detectors. This response information indi- 
cates only their nominal response values with respect to gray 
smoke, not to black, and is often provided with a response 
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range instead of an exact response value. This range is in 
accordance with UL 268, Standard for Safety, Smoke Detectors for 
Fire Protective Signalling Systems. 


B-4.1.2.4.9 The response ranges allowable by UL for gray ver- 
sus black smoke are shown in Table B-4.1.2.4.9. 


Table B-4.1.2.4.9 UL 268, Smoke Detector Test Acceptance 
Criteria for Different Colored Smoke [35] 


Acceptable Response 


Range 
Color of Maximum: 
Smoke % /m % /ft Minimum 
Gray 1.6-12.5 0.5 — 4.0 7:8 
Black 1.6 — 29.2 0.5 -— 10.0 18:25 


B-4.1.2.4.10 As seen in Table B-4.1.2.4.9 response levels are 
different for black and gray smoke. This is due to the fact that 
detectors respond at different optical density levels to differ- 
ent fuels and different types of smoke. Examples of this are 
shown by Heskestad and Delichatsios [10] in tests they per- 
formed as shown in Table B-4.1.2.4.10. This is why it is critical 
that when analyzing or designing a detection system one 
knows how the individual detector will respond to various 
types of smoke. 


Table B-4.1.2.4.10 Values of Optical Density at Response 
(For Flaming Fires Only) [18] 


10? D,, 
Relative 
Material Ionization Scattering Smoke Color 

Wood 0.5 1.5 Light 
Cotton 0.05 0.8 Light 
Polyurethane 5.0 5.0 Dark 
PVC 10.0 10.0 Dark 
Variation 200:1 12.5:1 


Note the large variations in response not only to materials 
producing relatively the same color of smoke, but also to 
smoke of different color, which is much more pronounced. 


B-4.1.2.4.11 Optical Density and Temperature. During a 
flaming fire, smoke detector response is affected by ceiling 
height and the size and rate of fire growth in much the same 
way as heat detector response. The thermal energy of the flam- 
ing fire transports smoke particles to the sensing chamber just 
as it does heat to a heat sensor. While the relationship between 
the amount of smoke and the amount of heat produced by a 
fire is highly dependent on the fuel and the way it is burning, 
research has shown that the relationship between tempera- 
ture and the optical density of smoke remains somewhat con- 
stant within the fire plume and on the ceiling in the proximity 
of the plume. 
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B-4.1.2.4.12 These results were based on the work by 
Heskestad and Delichatsios [10] and are indicated in Table 
B-4.1.2.4.12. Note that for a given fuel, the optical density to 
temperature rise ratio between the maximum and mini- 
mum levels is 10 or less. 


Table B-4.1.2.4.12 Ratio of Optical Density to Temperature 
Rise for Various Fuels [18] 


10? D, Maximum: 
Material (1/ft°F) (T) Value Range Minimum 
Wood 0.02 0.015-0.055 3:6 
Cotton 0.01/0.02 0.005-0.03 6:0 
Paper 0.03 Data not — 
available 
Polyurethane 0.4 0.2-0.55 2:8 
Polyester 0.3 Data not = 
available 
PVC 0.5/1.0 0.1-1.0 10 
Foam rubber 1.3 Data not — 
PU available 
Average 0.4 0.005-1.3 260 


B-4.1.2.4.13 In situations where the optical density at detector 
response is known and is independent of particle size distribu- 
tion, the detector response can be approximated as a function 
of the heat release rate of the burning fuel, the fire growth 
rate, and the ceiling height, assuming that the above correla- 
tion exists. 


B-4.1.2.4.14 When Appendix C of NFPA 72E was first pub- 
lished in 1984, a 20°F (13°C) temperature rise was used to 
indicate detector response. Schifiliti and Pucci [8] have com- 
bined some of the data from Heskestad and Delichatsios to 
produce Table B-4.1.2.4.14 showing the temperature rise at 
detector response. Note that the temperature rise required for 
detector response varies significantly depending on the detec- 
tor type and fuel. 


Table B-4.1.2.4.14 Temperature Rise for Detector Response 
[18] 


Temperature Rise (°F) 


Material Ionization Scattering 
Wood 25 75 
Cotton 3 50 
Polyurethane 13 13 
PVC 13 13 
Average 14 38 
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B-4.1.3 Methods for Predicting Smoke Detector Response. 
B-4.1.3.1 Method 1 — Optical Density Versus Temperature. 


B-4.1.3.1.1 It is intended to determine whether an existing 
fire detection system can detect a fire in part of a warehouse 
used to store wardrobes in sufficient time to prevent radiant 
ignition of adjacent wardrobes. The area under review has a 
large, flat ceiling, 16.5 ft (5 m) high. The ambient tempera- 
ture within the compartment is 68°F (20°C). The compart- 
ment is not sprinklered. The wardrobes are constructed 
mainly of particleboard. The detectors are ionization-type 
smoke detectors spaced 20 ft (6.1 m) on center. The design 
objective is to keep the maximum heat release rate (Qpo) 
below 2 MW in order to ensure that radiant ignition of the 
wardrobes in the adjacent aisle will not occur. There is an on- 
site fire brigade that can respond to and begin discharging 
water on the fire within 90 seconds of receiving the alarm. It 
can be assumed that there are no other delays between the 
time the detector reaches its operating threshold and the time 
to notification of the fire brigade. Given the above, would the 
existing system be sufficient? 


B-4.1.3.1.2 Assumptions. The following assumptions are 
made for this example: 

a = 0.047 

RTI = 25 m!/sec!/? 

Temperature rise for response = 14°C (25°F) 

Refer to Table B-4.1.2.4.14 for temperature rise to response 
of an ionization smoke detector for a wood fire. 


B-4.1.3.1.3 Using the power law equation, the design objec- 
tive response time is calculated as follows: 


2 
Qno = “tno (27) 
2000 kW = 0.047 tp. 


tng = 210 sec 


B-4.1.3.1.4 Next, subtract the time for the fire brigade to 
respond to determine what time after ignition that detection 
should occur. Note that a 30-second safety factor has been 
added to the fire brigade’s response time. 


tcr = 210 sec— 120 sec = 90 sec (28) 


B-4.1.3.1.5 Then, calculate the critical heat release rate at 
which detection should occur as follows: 


Qcr = Alor? 
Qop = 0.047(90)" = 380 kW (29) 


B-4.1.3.1.6 Using the numbers in the fire detection design 
and analysis worksheet at 90 seconds into the fire when the 
heat release rate is 380 kW, the temperature rise at the detec- 
tor is calculated to be approximately 17°C. This, therefore, 
might be a reasonable approximation to show that the detec- 
tor may respond. 


B-4.1.3.2 Method 2 — Mass Optical Density. 


B-4.1.3.2.1 Data regarding smoke characteristics for given 
fuels can be used as another method to evaluate detector 
response. 


B-4.1.3.2.2. Example. The design objective established for 
this scenario is to detect the smoke from a flaming 400-g (1.0-Ib) 
polyurethane chair cushion in less than 2 minutes. The chair is 
placed in a compartment that is 40 m? (431 ft?). The ceiling 
height is 3.0 m (10 ft). It has been determined that the burning 
rate of the cushion is a steady rate of 50 g/min. Determine if the 
design objective will be met. 


B-4.1.3.2.3 The total mass loss of the cushion due to combus- 
tion at 2 minutes is 100 g. Therefore, the optical density in the 
room produced by the burning cushion can be calculated 
from the following equation. [5] 


p= (30) 
Vv, 
where: 
D,, = mass optical density (m?/g) [26] 
M =~ mass 
V, = volume of the compartment 
D = [(0.22 m?/g) (100g) ]/(40 m?) (3 m) = 0.183 m! 


B-4.1.3.2.4 If it is assumed that the detector responds at the 
UL upper sensitivity limit of 0.14 m! for black smoke [35], it 
can be assumed that the detector will respond within 2 min- 
utes. 


B-4.1.3.2.5 It should be noted that this method presents a very 
simplified approach, and that various assumptions would 
need to be made including that the smoke is confined to the 
room, is well mixed, can reach the ceiling, and can enter the 
detector. 


B-5 Radiant Energy Detection. 
B-5.1 General. 


B-5.1.1 Electromagnetic radiation is emitted over a broad 
range of the spectrum during the combustion process. The 
portion of the spectrum in which radiant energy-sensing 
detectors operate has been divided into three bands: ultravio- 
let (UV), visible, or infrared (IR). These wavelengths are 
defined with the following wavelength ranges: [3] 


(1) Ultraviolet 0.1 — 0.35 microns 
(2) Visible 0.35 — 0.75 microns 
(3) Infrared 0.75 — 220 microns 


B-5.1.2 These wavelength ranges correspond to the quantum- 
mechanical interaction between matter and energy. Photonic 
interactions with matter can be characterized by wavelength as 
shown in Table B-5.1.2: 


Table B-5.1.2 Wavelength Ranges 


Wavelength Photonic Interaction 


A < 50 micron Gross molecular translations 


50u<A<1.0u Molecular vibrations and rotations 


10uU<A<0.05uU Valence electron bond vibrations 


0.3uU<A<0.05u — Electron stripping and recombina- 


tions 
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B-5.1.3 When a fuel molecule is oxidized in the combustion 
process, the combustion intermediate molecule must lose 
energy to become a stable molecular species. This energy is 
emitted as a photon with a unique wavelength determined by 
the following equation: 


he (31) 


where: 


energy (joules) 
Plank’s constant (6.63E-23 joule-sec) 
speed of light (m/sec) 
= wavelength (microns) 

[1.0 joule = 5.0345E+18(A), where 4 is measured in 
microns. | 


Pa Sa 
Il 


B-5.1.4 The choice of the type of radiant energy-sensing 
detector to use is determined by the type of emissions that are 
expected from the fire radiator. 


B-5.1.4.1 Fuels that produce a flame, a stream of combustible 
or flammable gases involved in the combustion reaction with 
a gaseous oxidizer, radiate quantum emissions. These fuels 
include flammable gases, flammable liquids, combustible liq- 
uids, and solids that are burning with a flame. 


B-5.1.4.2 Fuels that are oxidized in the solid phase or radia- 
tors that are emitting due to their internal temperature 
(sparks and embers) radiate Plankian emissions. These fuels 
include carbonacious fuels such as coal, charcoal, wood, and 
cellulosic fibers that are burning without an established flame, 
as well as metals that have been heated due to mechanical 
impacts and friction. 


B-5.1.4.3 Almost all combustion events produce Plankian 
emissions, emissions that are the result of the thermal energy 
in the fuel mass. Therefore, spark/ember detectors that are 
designed to detect these emissions are not fuel specific. Flame 
detectors detect quantum emissions that are the result of 
changes in molecular structure and energy state in the gas 
phase. These emissions are uniquely associated with particular 
molecular structures. This can result in a flame detector that 
is very fuel specific. 


B-5.1.5 Affects of Ambient. The choice of radiant energy- 
sensing detector is also limited by the affect of ambient condi- 
tions. The design must take into account the radiant energy 
absorption of the atmosphere, presence of nonfire-related 
radiation sources that might cause nuisance alarms, the elec- 
tromagnetic energy of the spark, ember, or fire to be detected, 
the distance from the fire source to the sensor, and character- 
istics of the sensor. 


B-5.1.5.1 Ambient Non-Fire Radiators. Most ambients con- 
tain non-fire radiators that can emit at wavelengths used by 
radiant energy-sensing detectors for fire detection. The 
designer should make a thorough evaluation of the ambient 
to identify radiators that have the potential for producing 
unwarranted alarm response from radiant energy-sensing 
detectors. Since radiant energy-sensing detectors use elec- 
tronic components that can act as antennas, the evaluation 
should include radio band, microwave, infrared, visible, and 
ultraviolet sources. 
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B-5.1.5.2 Ambient Radiant Absorbance. The medium through 
which radiant energy passes from fire source to detector has a 
finite transmittance. Transmittance is usually quantified by its 
reciprocal, absorbance. Absorbance by atmospheric species var- 
ies with wavelength. Gaseous species absorb at the same wave- 
lengths that they emit. Particulate species can transmit, reflect, 
or absorb radiant emission and the proportion that is absorbed 
is expressed as the reciprocal of its emissivity, €. 


B-5.1.5.3. Contamination of Optical Surfaces. Radiant energy 
can be absorbed or reflected by materials contaminating the 
optical surfaces of radiant energy-sensing detectors. The 
designer should evaluate the potential for surface contami- 
nation and implement provisions for keeping these surfaces 
clean. Extreme caution must be employed when considering 
the use of surrogate windows. Common glass, acrylic, and 
other glazing materials are opaque at the wavelengths used 
by most flame detectors and some spark/ember detectors. 
Placing a window between the detector and the hazard area 
that has not been listed by a nationally recognized testing 
laboratory (NRTL) for use with the detector in question is a 
violation of the detector listing and will usually result in a sys- 
tem that is incapable of detecting a fire in the hazard area. 


B-5.1.5.4 These factors are important for several reasons. 
First, a radiation sensor is primarily a line-of-sight device, and 
must “see” the fire source. If there are other radiation sources 
in the area, or if atmospheric conditions are such that a large 
fraction of the radiation could be absorbed in the atmosphere, 
the type, location, and spacing of the sensors could be 
affected. In addition, the sensors react to specific wavelengths, 
and the fuel must emit radiation in the sensor’s bandwidth. 
For example, an infrared detection device with a single sensor 
tuned to 4.3 microns (the CO, emission peak) cannot be 
expected to detect a non-carbon-based fire. Furthermore, the 
sensor needs to be able to respond reliably within the required 
time, especially when activating an explosion suppression sys- 
tem or similar fast-response extinguishing or control system. 


B-5.1.6 Detector Response Model. The response of radiant 
energy-sensing detectors is modeled with a modified inverse 
square relationship as shown in the following equation [5]: 


—Cd 
ee Ere. (32) 
d 
where: 
S = radiant power reaching the detector (W) suffi- 
cient to produce alarm response 

k = proportionality constant for the detector 
P = radiant power emitted by the fire (W) 
¢ = extinction coefficient of air at detector operating 


wavelengths 


d distance between the fire and the detector 


This relationship models the fire as a point source radiator, 
of uniform radiant output per steradian, some distance (d) 
from the detector. This relationship also models the effect of 
absorbance by the air between the fire and the detector as 
being a uniform extinction function. The designer must verify 
that these modeling assumptions are valid for the application 
in question. 
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B-5.2 Design of Flame Detection Systems. 


B-5.2.1 Detector Sensitivity. Flame detector sensitivity is tra- 
ditionally quantified as the distance at which the unit can 
detect a fire of given size. The fire most commonly used by the 
NRTLs in North America is a 1.0 ft? (0.9 m?) fire fueled with 
regular grade, unleaded gasoline. Some special purpose 
detectors are evaluated using 6.0-in.(0.015-m) diameter fires 
fueled with isopropanol. 


B-5.2.1.1 This means of sensitivity determination does not 
take into account that flames can best be modeled as an opti- 
cally dense radiator in which radiant emissions radiated from 
the far side of the flame toward the detector are re-absorbed 
by the flame. Consequently, the radiated power from a flame 
is not proportional to the area of the fire but to the flame sil- 
houette, and hence to the height and width of the fire. 


B-5.2.1.2 Because flame detectors detect the radiant emis- 
sions produced during the formation of flame intermediates 
and products, the radiant intensity produced by a flame at a 
given wavelength is proportional to the relative concentration 
of the specific intermediate or product in the flame and that 
portion of the total heat release rate of the fire resulting from 
the formation of that specific intermediate or product. This 
means that the response of a detector may vary widely as dif- 
ferent fuels are used to produce a fire of the same surface area 
and flame width. 


B-5.2.1.3 Many flame detectors are designed to detect specific 
products such as water (2.5 microns) and COz, (4.35 microns). 
These detectors cannot be used for fires that do not produce 
these products as a result of the combustion process. 


B-5.2.1.4 Many flame detectors use time variance of the radi- 
ant emissions of a flame to distinguish between non-fire radia- 
tors and a flame. Where a deflagration hazard exists, the 
designer must determine the sample time period for such 
flame detectors and how such detectors will operate in the 
event of a deflagration of fuel vapor or fuel gases. 


B-5.2.2 Design Fire. Using the process outlined in Section 
B-2, determine the fire size (kW or Btu/sec) at which detec- 
tion must be achieved. 


B-5.2.2.1 Compute the surface area the design fire is expected 
to occupy from the correlations in Table B-2.3.2.3.1(a) or 
other sources. Use the flame height correlation to determine 
the height of the flame plume: 


hy = 0.584(kQ)”” (33) 
where: 
hy = flame height (ft) 
Q = heat release rate (Btu/sec) 
k = wall effect factor 


Where there are no nearby walls, use k= 1 

Where the fuel package is near a wall, use k= 2 

Where the fuel package is in a corner, use k = 4 

Determine the minimum anticipated flame area width (wy). 
Where flammable or combustible liquids are the fuel load and 


are unconfined, model the fuel as a circular pool. Compute 
the radiating area (A,) using the following equation: 


A, = 1/2 hyw, (34) 


where: 


A, = radiating area (ft?) 

hy = flame height (ft) 

wy = flame width (ft) 
B-5.2.2.2 The radiant power output of the fire to the detector 
can be approximated as being proportional to the radiating 
area (A,) of the flame. 


P= cA, (35) 
where: 
A, = radiating area (ft?) 
¢ = power per unit area proportionality constant 


P = radiated power (W) 


B-5.2.3 Calculate Detector Sensitivity. Using equation (33) 
compute the radiating area of the test fire used by the NRTL 
in the listing process (A,). The radiant power output of the test 
fire to the detector in the listing process is proportional to the 
radiating area (A,) of the listing test flame. 


B-5.2.4 Calculate Detector Response to Design Fire. Because 
the sensitivity of a flame detector is fixed during the manufac- 
turing process, the following is the relationship that deter- 
mines the radiant power reaching the detector sufficient to 
produce an alarm response. 


Cd’ 
S = wo (36) 
where: 
S = radiant power reaching the detector (W) suffi- 
cient to produce alarm response 
k = proportionality constant for the detector 
A, = radiant area of the listing test fire (W) 
¢ = extinction coefficient of air at detector operating 
wavelengths 
d' = distance between the fire and the detector during 
the listing fire test 
c¢ = emitted power per unit flame radiating area 
correlation 


Because the sensitivity of the detector is constant over the 
range of ambients for which it is listed 


ke 5” 
a” 
where: 
S = radiant power reaching the detector (W) suffi- 
cient to produce alarm response 
k = proportionality constant for the detector 
A, = radiant area of the design fire (W) 
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¢ = extinction coefficient of air at detector operating 
wavelengths 
d' = _ distance between the design fire and the detector 
c = emitted power per unit flame radiating area cor- 
relation 


Therefore, use the following equation to determine the fol- 
lowing: 


keA,°* kA, > (37) 


Se (38) 


This relation is solved iteratively for d’, the distance at 
which the detector can detect the design fire. 


B-5.2.5 Correction for Angular Displacement. 


B-5.2.5.1 Most flame detectors exhibit a loss of sensitivity as 
the fire is displaced from the optical axis of the detector. This 
correction to the detector sensitivity is shown as a polar graph 
in Figure A-2-4.3.2.3. 


B-5.2.5.2 When the correction for angular displacement is 
expressed as a reduction of normalized detection distance, the 
correction is made to detection distance (d’). 


B-5.2.5.3 When the correction for angular displacement is 
expressed as a normalized sensitivity (fire size increment), the 
correction must be made to A,, prior to calculating response 
distance (d’). 


B-5.2.6 Corrections for Fuel. Most flame detectors exhibit 
some level of fuel specificity. Some manufacturers provide 
“fuel factors” that relate detector response performance to a 
fire of one fuel to the response performance of a benchmark 
fuel. Other manufacturers provide performance criteria for a 
list of specific fuels. Unless the manufacturer’s manual, bear- 
ing the listing mark, contains explicit instructions for the 
application of the detector for fuels other than those used in 
the listing process, the unit cannot be deemed listed for use in 
hazard areas containing fuels different than those employed 
in the listing process. 


B-5.2.6.1 When the fuel factor correction is expressed as a 
detection distance reduction, the correction should be 
applied after the detection distance has been computed. 


B-5.2.6.2 When the fuel factor correction is expressed as a 
function of normalized fire size, the correction must be made 
prior to calculating detection distance. 


B-5.2.7 Atmospheric Extinction Factors. Because the atmo- 
sphere is not infinitely transmittant at any wavelength, all 
flame detectors are affected by atmospheric absorption to 
some degree. The effect of atmospheric extinction on the per- 
formance of flame detectors is determined to some degree by 
the wavelengths used for sensing and the detector electronic 
architecture. Values for the atmospheric extinction coeffi- 
cient (C) should be obtained from the detector manufacturer. 
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B-5.3 Design of Spark/Ember Detection Systems. 


B-5.3.1 Design Fire. Using the process outlined in Section 
B-2 determine the fire size (kW or Btu/sec) at which detec- 
tion must be achieved. 


B-5.3.1.1 The quantification of the fire is generally derived 
from the energy investment per unit time sufficient to propa- 
gate combustion of the combustible particulate solids in the 
fuel stream. Because energy per unit time is power, expressed 
in watts, the fire size criterion is generally expressed in watts or 
milliwatts. 


B-5.3.1.2 The radiant emissions, integrated over all wave- 
lengths, from a non-ideal Plankian radiator is expressed with 
the following form of the Steffan-Boltzmann equation: 


P=eAoT (39) 


where: 


P = radiant power (W) 


€ = emissivity, a material property expressed as a frac- 
tion between 0 and 1.0 

A = area of radiator (m?) 

o = Steffan-Boltzmann constant 5.67E-8W/m?K? 

T = temperature (K) 


B-5.3.1.3 This models the spark or ember as a point source 
radiator. 


B-5.3.2 Fire Environment. Spark/ember detectors are usu- 
ally used on pneumatic conveyance system ducts to monitor 
combustible particulate solids as they flow past the detec- 
tor(s). This environment puts large concentrations of com- 
bustible particulate solids between the fire and the detector. A 
value for ¢ must be computed for the monitored environment. 
The simplifying assumption that absorbance at visible levels is 
equal to or greater than that at infrared wavelengths yields 
conservative designs and is used. 


B-5.3.3 Calculate Detector Response to Design Fire. Because 
the sensitivity of a spark/ember detector is fixed during the 
manufacturing process, 


-Cd 
kPe* 
le rae 
d 
where: 
S = radiant power reaching the detector (W) suffi- 
cient to produce alarm response 
k = proportionality constant for the detector 
P = radiant power emitted by test spark (W) 
€ = extinction coefficient of air at detector operating 
wavelengths 
d = distance between the fire and the detector during 


the listing fire test 


Because the sensitivity of the detector is constant over the 
range of ambients for which it is listed 
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= Pe (40) 
= 2 
d 
where: 
S = radiant power reaching the detector (W) suffi- 


cient to produce alarm response 

k = proportionality constant for the detector 
P’ = radiant power from the design fire 

¢ = the extinction coefficient of air at detector oper- 
ating wavelengths 
the distance between the design fire and the de- 
tector 
Therefore, use the following equation to solve for 


= 
M 


kPe®"— RPe S” 


To solve for d’, 


This relation is solved iteratively for d’, the distance at 
which the detector can detect the design fire. 


B-5.3.4 Correction for Angular Displacement. 


B-5.3.4.1 Most spark/ember detectors exhibit a loss of sensi- 
tivity as the fire is displaced from the optical axis of the detec- 
tor. This correction to the detector sensitivity is shown as a 
polar graph in Figure A-2-4.3.2.3. 


B-5.3.4.2 When the correction for angular displacement is 
expressed as a reduction of normalized detection distance the 
correction is made to detection distance (d’). 


B-5.3.4.3 When the correction for angular displacement is 
expressed as a normalized sensitivity (fire size increment) the 
correction must be made to P” prior to calculating response 
distance (d’). 


B-5.3.5 Corrections for Fuel. Because spark/ember detec- 
tors respond to Plankian emission in the near infrared portion 
of the spectrum, corrections for fuels are rarely necessary. 


B-6 Computer Fire Models. Several special application com- 
puter models are available to assist in the design and analysis 
of both heat detectors (for example, fixed-temperature, rate- 
of-rise, sprinklers, fusible links) and smoke detectors. These 
computer models typically run on personal computers and are 
available from the NIST Center for Fire Research computer 
bulletin board. 


B-6.1 DETACT — T2. DETACT — T2 (DETector ACTuation 
— time squared) calculates the actuation time of heat detec- 
tors (fixed-temperature and rate-of-rise) and sprinklers to 
user-specified fires that grow with the square of time. DETACT 
— T2 assumes the detector is located in a large compartment 
with an unconfined ceiling, where there is no accumulation of 
hot gases at the ceiling. Thus, heating of the detector is only 
from the flow of hot gases along the ceiling. Input data 
includes H, T, RTI, 7, S, and a. The program calculates the 
heat release rate at detector activation, as well as the time to 


activation. The response of a smoke detector can also be mod- 
eled by assuming the smoke detector to be a low-temperature, 
zero lag-time heat detector. 


B-6.2 DETACT — QS. DETACT — QS (DETector ACTuation 
— quasi-steady) calculates the actuation time of heat detectors 
and sprinklers in response to fires that grow according to a 
user-defined fire. DETACT — QS assumes the detector is 
located in a large compartment with unconfined ceilings, 
where there is no accumulation of hot gases at the ceiling. 
Thus, heating of the detector is only from the flow of hot gases 
along the ceiling. Input data includes H, %), RTI, T,, the dis- 
tance of the detector from the fire’s axis, and heat release 
rates at user-specified times. The program calculates the heat 
release rate at detector activation, the time to activation, and 
the ceiling jet temperature. The response of a smoke detector 
can also be modeled by assuming the smoke detector to be a 
low-temperature, zero lag-time heat detector. 


B-6.2.1 DETACT — QS can also be found in HAZARD I, 
FIREFORM, FPETOOL. 


B-6.3 LAVENT. LAVENT (Link Actuated VENT) calculates 
the actuation time of sprinklers and fusible link-actuated ceil- 
ing vents in compartment fires with draft curtains. Inputs 
include the ambient temperature, compartment size, thermo- 
physical properties of the ceiling, fire location, size and 
growth rate, ceiling vent area and location, RTI, and tempera- 
ture rating of the fusible links. Outputs of the model include 
the temperatures and release times of the links, the areas of 
the vents that have opened, the radial temperature distribu- 
tion at the ceiling, and the temperature and height of the 
upper layer. 


B-7 Nomenclature. The nomenclature used in Appendix B is 
defined as follows: 


o = fire intensity coefficient 
(Btu/sec? or kW/sec?) 
A = area (m? or ft?) 
Ao = g/(C,T Po) [m*/sec*kJ) or ft*/(sec*Btu) | 
A, = radiating area (ft*) 
A; = radiating area of test fire 
Cc = specific heat of detector element 
(Btu/Ibm-°F or kJ/kg-°C) 
Cc = speed of light (m/sec) 
C, = specific heat of air [Btu/lbm R or kJ/(kg K) 
(1.040 kJ/kg K) ] 
D,, = mass optical density (m?/g) 
d = distance between fire and radiant energy- 
sensing detector 
d’ = distance between fire and detector 
d(D,,) = rate of increase of optical density outside the 
detector 
dt 
D = 0.146 + 0.2427/H 
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= change in time (sec) 


= increase above ambient in temperature of gas 
surrounding a detector (°C or °F) 


= increase above ambient in temperature of a 
detector (°C or °F) 


= change in reduced gas temperature 
= energy (joules) 
= functional relationship 


= gravitational constant [m/sec? or ft/sec? 
(9.81 m/sec?) ] 


= Plank’s constant (6.63E-23 joule-sec) 
= ceiling height or height above fire (m or ft) 


= convective heat transfer coefficient 
(kW/m?2-°C or Btu/ft?-sec-°F) 


= heat of combustion (kJ/mol) 
= flame height (ft) 
= heat of formation (kJ/mol) 


= characteristic length for a given 
detector design 


= detector constant, dimensionless 
= mass (lbm or kg) 

= positive exponent 

= radiant power (watts) 


= heat release rate density per unit floor area 
(Btu/sec-ft?) 


= heat release rate (Btu/sec or kW) 


= convection portion of fire heat release rate 
(Btu/sec) 


= heat transferred by conduction 
(Btu/sec or kW) 


= heat transferred by convection 
(Btu/sec or kW) 


= threshold fire size at which response must 
occur 


= heat transferred by radiation 
(Btu/sec or kW) 


= total heat transfer (Btu/sec or kW) 

= critical heat release rate (Btu/sec or kW) 

= design heat release rate (Btu/sec or kW) 

= maximum heat release rate (Btu/sec or kW) 
= predicted heat release rate (Btu/sec or kW) 


= threshold heat release rate at response 
(Btu/sec or kW) 


= radial distance from fire plume axis (m or ft) 


= density of ambient air [kg/m? or Ib/ft® 
(1.1 kg/m’) ] 


= response time index (m!/*sec!/? or 
ft!/*sec!/2) 


= spacing of detectors or sprinkler heads 
(m or ft) 


= radiant energy 


= time at which the design objective heat 
release rate (Qn) is reached (sec) 


= time at which the critical heat release rate 
(Qcr) is reached (sec) 


= time (sec) 

= critical time — time at which fire would reach 
a heat release rate of 1000 Btu/sec (1055 kW) 
(sec) 


= time to detector response 


= fire growth time to reach 1000 Btu/sec 
(1055 kW) (sec) 


= response time (sec) 


= time available, or needed, for response to an 
alarm condition (sec) 


= virtual time of origin (sec) 


= arrival time of heat front (for p= 2 power law 
fire) at a point r/H (sec) 


= reduced arrival time of heat front (for p= 2 
power law fire) at a point r/ H (sec) 


= reduced time 

= temperature (°C or °F) 

= ambient temperature (°C or °F) 

= plume centerline temperature (°F) 

= detector temperature (°C or °F) 

= temperature of fire gases (°C or °F) 


= rated operating temperature of a detector or 
sprinkler (°C or °F) 


= instantaneous velocity of fire gases 
(m/sec or ft/sec) 


= velocity (m/sec) 

= critical velocity 

= reduced gas velocity 

= velocity of smoke at detector 
= flame width (ft) 

= defined in equation (16) 


= height above top of fuel package involved (ft) 
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= wavelength (microns) 


Li = maximum height of smoke rise above fire 
surface (ft or m) 


T = detector time constant mc/H,A (sec) 


Tw = detector time constant measured at reference 
velocity up (sec) 


€ = emissivity, a material property expressed as a 
fraction between 0 and 1. 
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C-1 The following documents or portions thereof are refer- 
enced within this code for informational purposes only and 
are thus not considered part of the requirements of this code 
unless also listed in Chapter 9. The edition indicated here for 
each reference is the current edition as of the date of the 
NFPA issuance of this code. 


C-1.1 NFPA Publications. National Fire Protection Associa- 
tion, | Batterymarch Park, P.O. Box 9101, Quincy, MA 02269- 
9101. 


NFPA 10, Standard for Portable Fire Extinguishers, 1998 edition. 
NFPA 11, Standard for Low-Expansion Foam, 1998 edition. 
NFPA 11A, Standard for Medium- and High-Expansion Foam 
Systems, 1999 edition. 

NFPA 12, Standard on Carbon Dioxide Extinguishing Systems, 
1998 edition. 

NFPA 12A, Standard on Halon 1301 Fire Extinguishing Sys- 
tems, 1997 edition. 
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tion, 1996 edition. 
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NFPA 70, National Electrical Cod&, 1999 edition. 
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NFPA 90B, Standard for the Installation of Warm Air Heating 
and Air Conditioning Systems, 1999 edition. 
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NFPA 101°, Life Safety Cod, 1997 edition. 
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NFPA 1221, Standard for the Installation, Maintenance, and 
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C-1.2 Other Publications. 


C-1.2.1 ANSI Publications. American National Standards 
Institute, Inc., 11 West 42nd Street, 13th floor, New York, NY 
10036. 


ANSI A17.1, Safety Code for Elevators and Escalators, 1998. 

ANSI S3.2, Method for Measuring the Intelligibility of Speech 
Over Communications Systems, 1989. 

ANSI S3.41, Audible Emergency Evacuation Signal, 1990. 


C-1.2.2 TEC Publications. International Electrotechnical 
Commission; 3 rue de Varembé, P.O. Box 131, Geneva 1, Swit- 
zerland. IEC documents are available through ANSI. 


IEC 60849, Sound systems for emergency purposes, Second Edi- 
tion: 1998. 

IEC 60268, Part 16, The objective rating of speech intelligibility 
by speech transmission index, Second Edition: 1998. 


C-1.2.3 IES Publication. []luminating Engineering Society of 
North America, 120 Wall Street, 17th floor, New York, NY 
10005. 

Lighting Handbook Reference and Application, 1993. 


C-1.2.4 ISO Publication. Standards Secretariat, Acoustical 
Society of America, 335 East 45th Street, New York, NY 10017- 
3483. 


ISO 8201, Audible Emergency Evacuation Signal, 1990. 


C-1.2.5 UL Publications. Underwriters Laboratories Inc., 
333 Pfingsten Road, Northbrook, IL 60062. 


UL 268, Standard for Safety, Smoke Detectors for Fire Protective 
Signaling Systems, 1999. 
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General Utility Signaling, UL 1638, 1995. 

UL 1971, Standard for Safety Signaling Devices for the Hearing 
Impaired, 1992. 


C-1.2.6 U.S. Government Publications. U.S. Government Print- 
ing Office, Superintendent of Documents, Washington, DC 
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Public fire alarm reporting systems ....... 6-5.12.7.2 to 6-5.12.7.3 
6-7.1.1 to 6-7.1.2, 6-7.4 
Rechargeableéss soi. hc fern che ee Palle hk 1-5.2.7(a), A-1-5.2.9 
SmioOkeralatins’s 1 -cpiissdih Gd suae MueS Sosista nd Gel liats tae Res hctend ne Sass 8-4.6 
Testing ...............0000. Table 7-2.2, Table 7-3.2, A-7-2.2(c) 
Beam construction (ceiling) 
DOH OMG 5.34 5 Seon dou, 6 aes oe Ne Sa setesded feadsoyes bik ween aye e Auoee aaa ts Deasieks 1-4 
Detector spacing ....... 2-2.2, 2-2.4.3, 2-3.4.6, A-2-2.4.3, A-2-3.4.6, 
A-8-1.2.4 
Boxsalarms 35.03) scccciee gcd eae eed ee see Manual fire alarm boxes 
Box batteries: 0c e ree Bi ARS e 8G hia ea es 6-5.12.7.2 
Dehn ithnim, 2 Gee ths Pech eS eek hs Bae at cet Ie elite eds We hier tll 1-4 
Box circuits. ..... 00660 eee eee 6-7.1.8.1, 6-9.1.2 
Buildings, wiring inside .................. 0. eee eee 6-8.2.5 
-C- 
Gables 3; Hs Bleak rks Bete toate ate 8 calle Relased is 0 tu oe La el 6-8.2 
Aerial construction ......... 0.60 ccc cece ene 6-8.2.3 
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Fiber-optic 
InSpectiOns: rx. Geta duck etioinhowceek Med ee eed Table 7-3.1 
Testing frequency. .... 0.0... eee eee eee Table 7-3.2 
Inside buildin oss. ais fcc seis og 5 pinks See eG Shee oeard cng cdegr's 6-8.2.5 
Leads down poles... 1... 0.6 c ccc eee cette eee 6-8.2.4 
WndergrOund se de hies oA AGs fe Care Mo Mae Mie tna kaud 6-8.2.2 
Carrier (definition). ..........0 0.000. c cee eee eee eens 1-4 
Carrier system (definition) .................. 00.0 e eee eee 1-4 
Ceiling height 
DC hata HOI eae sess tet Niet sagen ea eect eee So ahed eed weld phe cee ena Heed 1-4 
Fire development and .............. 0000. c eee eee ee B-3.2.3 
Ceiling surface .... . .see Beam construction; Solid joist construction 
Ceilings............. see also Sloping ceilings; Sloping peaked-type 
ceiling; Sloping shed-type ceiling; Smooth ceilings 
Defi HOI sects id ctcite Mit dpa asca aMtasee eat aa stnsctled ee cae ted Nie ca te at Tod 1-4 
Detector location and spacing on...... 2-2.2, 2-2.4, 2-3.4, A-2-2.4, 
A-2-3.4, App. B 
Blatsncse cic wud st isu, lite Sides ind wanda dealt 2-3.4.6.1, A-2-3.4.6.1 
TAD BY yo, oosscncdies Gusset sous ues Badge pinaae BEage 2-2.4.5, A-2-2.4.5, A-2-3.4.3 
Stratification below. ... 0.0.0.0... 0c eee eee see Stratification 
Suspended 2.5.5. H205.5..60,0% ae hee ee Se eee anh ach eee © 2-3.4.9 
Visible notification appliances located on ..... Table 4-4.4.1.1(b) 
Central control unit ..... . .3-8.4.1.3.3.2 to 3-8.4.1.3.3.3, 3-8.4.1.3.4.1 
Central station 
DehnitioOny 4s eke e seu hts eo eee eth dant, dark hag ee 14 
Equipment «0 cee cee eee teen ee ne B24, A6-2.4.4 
BACi iI eS 9 25 55..o toi eecacesthcssen susudoherenes Sececn dus Searae a Srsctehe) shia trees 5-2.3 
TOSUNG i holt ees Rig het Pee ne he boyd aes aaiueis 7-2.1, A-7-2.1 
Central station fire alarm systems............... 1-6.2.3, 5-2, A-5-2 
DELIMIT ON 5,5 ype 2s. d ease aa cis teags Sauce aa et. eth te Dae an eles aned gi ores ee 14 
Disposition of signals ................... 5-2.6.1, A-5-2.6.1.1(1) 
Guard's'signial aoc 3634.4. edat Oa od Bales, nd cn aed wg nd ee 5-2.6.1.2 
Operations .... 0.0... eee cee ee ee ee D2.6, A5-2.6 
Performance criteria i. 6c ek se ek VG CeO E ORT Table A-5-1 
RersOnMe les sieresak ale. bhadl 9 aise hal Mewes Nido eee Nanak ee aie aah 5-2.5 
Record keeping and reporting ................5-2.6.1.5, 5-2.6.2 
Testing and maintenance.................... 5-2.7, Table 7-3.2 
Central station service ............0. 00000 cece eee eee es 2, A-5B-2 
DSH ION 5, 2.558 be actsne Heaelyk 18 Base, oe Sesicd wales pisses od ph hers Sedpisiahe 1-4 
Gertification:. :22.4.5.5 Facies ln Os od wind as Gnd sod aks 1-6.2.3.1, 5-1.2.1 
TD) CFM ONG 3 -3.4.5.3:4. Bes dh O FL eS om RL I cet cnc xtc 1-4 
Certification of personnel ................ 00.0 c eee eee 7-1.2.2 
Dehn On a,2 6 oka ea esl wh oh hed beds eas 1-4, A-1-4 


Channels... . . . see alsoCommunications channels; Derived channel; 
Transmission channels 


DCA OI i oie sse vena carteaudl s aust seh Daun Sod causes ewean Sates Cee enestbtetaiedee 1-4 
Radio (definition) 64.45.62 4 eh sea ee be oF ea eae es bo 1-4 
Circuit conductors .... 0.2.0.0... eee 6-8.1 
Circuit interface (definition) ...............0.0.0 0. eee eens 1-4 
Circuit protection ................ 000. c eee ee eee 6-9.1.4, A-6-9.1.4 
Circuits 
Alarm sigtial, «.s:00.364 geil ede hd tee Glau thao bed (Ds0.9,07) 
BOX: ei bane so chad bleu) 8 Aoaue abd gad ongre gb Seema wees 6-7.1.8.1, 6-9.1.2 
GASS 2 a si Se, Se a tbviiee as starsosane, Seer daa naizousserh ant togea sin Deel pCO 
Designations ............. 0.000. e eee eee eee FAQ, A342 
Loading capacity. ... 0... ce eee ee cee eee es 5G.3.6.5 
Protected premises fire alarm systems ..... . 3-4.2 to 3-4.3, A-3-4.2 
Signal transmission facilities ................... 6-9.1, A-6-9.1.4 
Signaling paths:) 502i Beinn taeda aiwinen Neale tats t 3-4.3 
Styles.e ice Wee ate Rea eee dais oats 3-4.2.2, A-7-2.2(b) 
Supervisory signal... 2... 6... eee eee eee es 5536.2 
TAGE ene ie hice SRNR occ dst Se Mntesade uta Beste ata iia tess Ate cmuiats. te ate 6-9.1.3 
Cloud chamber smoke detection (definition) ................. 1-4 
Code (definition) ............ 0... c cece eee ene teen e ence 1-4 
Coded 
Alarm:signals? sf ected gasesund sald otee Saad einer, 1-5.4.2.1, 1-5.4.3.2 
Designations... 21.0. ei eine oats g eateries A-1-5.4.2.1, A-2-8.3 
DGHHiIGN si4.sh¢ esky ety eek ded 1eo ed pa eae cade 1-4 
Fire alarm box........................5-5.3.3.1.1 to 5-5.3.3.1.2 
Radio receiving systems ... . 6-7.1.8.1, A-6-7.1.8.1, A-6-9.1.4, A-6-14 
Street boxes .....................s¢e Manual fire alarm boxes 
Supervisory signals... 0... 6... cee eee 1-5.4.3 
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Combination detector ............ 0.0.0.0. e ee eee eee B-3.2.4.3 
DefNition sh n5 ony hee NG Gee ROS SNS RE SHAUN eae han ese 1-4 
Combination fire alarm and guard’s tour box................. 2-8 
DCH ON ee i ede ee tect Ee genes eae eialep CaN 1-4 
Combination fire alarm systems.................... 3-8.2, A-3-8.2 
DEH MOM is casos lade Pi Bh alse cua tee A Deets Mei eee 1-4, A-1-4 
Command center, fire ................. see Fire command center 
Common talk systems ..................3-8.4.1.3.7.3, 3-8.4.1.3.7.6 
Communications center..... : see Public fire service communications 
center 
Communications channels ...................0055 1-5.8.1, 5-3.6.1 
Def ION fs ecules Soe Ringearoe trace ou an oul dug Mare dele s 1-4 
Compatibility listed... 2.0.0... cee 1-5.3 
Definition: p66 ial Wo ee Mee ah aes deals GELS 1-4 
Compatible equipment (definition)......................... 1-4 
Completion, record of................ 1-6.1.3, 1-6.2.1, Fig. 1-6.2.1, 
3-8.3.2.3.1(d), A-1-6.2.1 
DGHNLHON i523. eRe ate ie Ph ciate Passi fase adhe Riecegea edad eh eed 1-4 
Computer systems 
Alarms and supervisory signals... .............0.00 005: 5-2.4.1 
Control: secs ade ce be ee Bees ee es on ODD; AB 23.3 
Uninterruptible power supply ........... 1-5.2.7(c), A-1-5.2.7(c) 
Concealed detectors .......... 0.0.0... cece eee ee 3 B.4,2.2 
Conductors 
CCUM ihe d ER ede MRR a HE OR AED ais eae ted 6-8.1 
Tristalla tori 235.275 Scns: Ss cod sie eu tues. Cuseen denna a sonatas 1-5.8, A-1-5.8.1 
MOSHING oh isiat onsleetian aatusoet wag agho lanes Hod Table 7-2.2, Table 7-3.2 
Contiguous property .... 2.6.0.6... ee eee es B22 
Definitions..-S i404 Lea ate oi deed Mes ea at 1-4 
Control equipment ........ 0.6.0... eee 3-9.2.4 
Elevators... 0.0.0... ccc cece ee eee eee BIST, A-3-9.3 
INspechONSitisuccant ieee a eee tae eee Table 7-3.1 
PrGte Gtr Ota sOk. eos apecdlancerits Sue’ set aleriose Ja dale debe a dle ede! ee 1-5.6, A-1-5.6 
Software and firmware control..................3-2.3, A-3-2.3.3 
MOSHING: Ss, arbh.s Gaties acts vals pisiha teeeh Gere cA Table 7-2.2, Table 7-3.2 
Control units (panels) ....... 1-5.4.3.2.2(1), 1-5.4.6.1(1); see also Fire 
alarm control (panel) units 
Central............... 3-8.4.1.3.3.2 to 3-8.4.1.3.3.3, 3-8.4.1.3.4.1 
DeGnitl On wise occ Si os OR eae Ree ae GLa 1-4 
Master 
DOH OM eae es cis ie a alas, o tude de nes Socata ed aneneciabew eee eae 1-4 
Protected premises master unit............. 5-3.2.3, 5-3.6.1.1 
System requirements........................... 38.1, A-3-8.1 
Control valves: i.e hee hs ee Nie td Ce bade bes 2-9.1 
Gotiverters 2c sees cease ete 8 ES Ps Baten Eat alle De 6-7.2 
Corridors, visible notification appliances 
located on... 0.2... . eee 4-4.4.2, A-4-4.4.2 
Coverage, detector... ............ 0.6. c eee eee 2-1.4.2, A-2-1.4.2 
-D- 
DACR...........5 see Digital alarm communicator receiver (DACR) 
DAES) 8.356 sbegn lewis see Digital alarm communicator system (DACS) 
DACT........: see Digital alarm communicator transmitter (DACT) 
Dampers, smoke and fire ..............00 00 cee eee eee 3-9.5.2 
DARR..................5 see Digital alarm radio receiver (DARR) 
IDARS: 2 ifs a8 aot a sases get ad see Digital alarm radio system (DARS) 
DART ................see Digital alarm radio transmitter (DART) 
Dead air space? (3-653 aids 3 ee Sa ahs i hh ks PS A-8-1.2.4 
Definitions 3 ces be oe i Oe BE he 1-4, A-1-4 
Delinquency signal... .. 2.6... 0. eee 3-8.6.3 
DEFT ON «7.5053 in See Rha ig ok ae ai Sheds Sisal ashe alae hc attangete bese dd 1-4 
Derived channel...... 5-5.3.1.1, 5-5.3.1.2.1 to 5-5.3.1.2.2, A-5-5.3.1.2 
Detinition. fAecgus hehe Wein ON ek Succ eats PANES peel eat 1-4 
Design 
Fire alarm systems.......... 1-5.1.3, 1-5.5.2, A-1-5.1.3, A-1-5.5.2.1 
Firedetection: syste tan. si)... pa.ctlnags aah Mice eat it wk ah. B-2 
Protected premises alarm systems ..............0..02.2--341 
SMOKE: CEE CLOLS "6 fs. 5.2155 is aie Rea hae even ek ees AR eek eS 2-3, A-2-3 
Detection devices.................22222...3°8.3,2.3, A-3-8.3.2.3.1 
Detectors ..........- 0-20 cee eee see also Automatic fire detectors 
Concealed: sits. ace's eos ha Males alec Sap soket ating eke detec, Boone 3-8.4.2.2 


INDEX 72-197 
DENIUGH: -.Aocaeeis pass eae OI aa aa oee tea Paes 1-4 Ember detectors...................045 2-4.1, A-2-4.2(b), A-2-4.2.1 
IS pe COM: rucatee ad pret ghee eee eaten bed ended Table 7-3.1 Definitions: 3.2.6 o26 580 sah adden yanks Se ag Laat ewer Maes 1-4 
TOS Bite dyeteced ce claie eahie Se esd 4 Mie ole hina Table 7-2.2, Table 7-3.2 PACH ha ep te cy Oo cue dy pasion teat Mes er tend a trates e's 2-4.3.3, A-2-4.3.3 
Digital alarm communicator receiver (DACR) . . .5-5.3.2.2, A-5-5.3.2.2 System design... 6... ieee eee ee eee eee es B5.3 
DGfNIION: 3.f5-2 S575 5 ses ares HSS Rntiae e dicestes aie toe manana 1-4 Emergency communications equipment................ Table 7-2.2 
Equipment “4.335 Se ee da Oe Vols Se eee $090.9 22. 1 Emergency equipment, status indicators ....... 1-5.4.5.2, A-1-5.4.5.2 
TS PE CUOTE essen segs ie ult yenstts ER ladle ee tos Table 7-3.1 Emergency lighting, proprietary supervising station......... 5-3.3.4 
TOSS Son nde toe Sadie eat eee ale Be, PETES Table 7-2.2, Table 7-3.2 Emergency voice/alarm communications ..... . 3-8-4.1.3, A-3-8.4.1.3 
Transmission channel.............0 000 e eee eee ee ee DD.3.2.2.2 Definition’: 5.20 2% a ceeits kA atde oa eyes ees tee ea 1-4 
Digital alarm communicator system (DACS) ..... . 5-5.3.2, A-5-5.3.2, Inspection. . 0.066. Table 7-3.1 
Table A-5-5.1 Nonemergency use ..... 06.6... ect eee A-3-8.2.4 
Definition i. een Skea na eas Wied hala ed Meike es 1-4 Testing frequencysa.6 3c ys nog Ge ees cage es setowets Table 7-3.2 
Power supply... 6.6.6.6 see e eee eee ees 1-5.8.7.2, A-1-5.8.7.2 Engine-driven generators. .... . 1-5.2.4(b), 1-5.2.6(b) to (c), 1-5.2.10, 
Digital alarm communicator transmitter (DACT) 5-5.3.2.1, A-5-5.3.2.1 1-5.8.7.1, A-1-5.2.7(c) 
Dehn 4.555 565 si Wey BS hea eth oh Rh wae MNS Re eS 1-4 Public fire alarm reporting systems ...............0000005 6-7.3 
Inspections 44 oii5.4 gud badideceh geasorns dns oGarlekeades Table 7-3.1 MOSUUN 5 6.2.9.3) Soo Bei cnss eng ater tT Gel avec Table 7-2.2, Table 7-3.2 
Power failure trouble signal................. 1-5.8.7.1, 1-5.8.7.3 Engineering guide for automatic fire detector spacing... .... App. B 
MOStNGo.5 cass caig ce Meee edge a ees Table 7-2.2, Table 7-3.2, 8-4.3.1 Equivalency to code... 2.0.0.0... 0c e cece teen ene eee nes 1-3.2 
Transmission channels............ 0.000020 eee eee) D5.3.2.1.6 Error detection/correction................000000e000++ 55.410 
Transmission means ......... 000 ee ee ee ee DD3.21.7 BVACHATOU si os 5 cd es sos 30 $208 lo) 2 13 Soy ee asa 2s 3-2, 3-8.4.1.3 
Digital alarm radio receiver (DARR)................-.+. 5-5.3.2.4 DCH ON eee le ect ech Ge Sh eran ere ene ga eet 1-4, A-1-4 
Definition isinnd-g aiceauies Wick Sete hie Sheena daa eatin dita BAe con 1-4 Evacuation signals ............. .3-8.4.1.3.5.3.1, 47.1.2, A-1-5.8.6.1, 
Inspection’, hg s'sdusd :ect gg Gs Gay woteer eines tate Table 7-3.1 A-3-8.4.1.3.6.1, A-4-7.1.2, A-8-1.2.3 
TOS Sc ceitesn  ehadene Mle vbedene hebbrnamienth Table 7-2.2, Table 7-3.2 Definitions 22 203.58 Suite n cee MC po eee eee te eae ghee 1-4 
Digital alarm radio system (DARS) ..................... 5-5.3.2.3 Distinctive... 0.6... eee eee eee ee 3 BAL.2, A3-8.4.1.2 
Definition ... 0... cc ccc cc bebe ee bebe beeen nnbbee 1-4 Tone generator (definition) ............ 0.06. cece eee eee 1-4 
Digital alarm radio transmitter (DART) . . 5-5.3.2.3.1, 5-5.3.2.3.3 to 5- ZONING 0 eee eee 3-8.4.1.3.6 
5.3.2.3.4 Exitiplan i253. 00s tte albeit anid elas ants eed bony A-8-1 (f) 
Defi it OM 255 Pete enh A SEE wot nd Sisd oh 8 ea Se tear rad 1-4 MCLE UTONN she 'sed Sashes secs Sed, soled Pett a nea hed ae eee ama 1-4 
ENSPCCUOM io ps8 etsare aos Se ela A toase ad ke gE ele aE Table 7-3.1 Exits, door unlocking devices for................. 3-9.7, A-3-9.7.3 
CPOStiT Oo, a8 Sed sea eeteis he a rev eased teases onal Sea edyhalee Table 7-2.2, Table 7-3.2 Extinguishers, portable fire..........0..000 00000020 e eee 53.3.3 
Directly connected noncoded systems. . . . .5-5.3.6, Table A-5-5.1, A-5- Extinguishing systems 
5.3.6.5.2 Automatic operation detectors.......... 2-6 to 2-7, A-2-6.2, A-2-7 
Display... 0.0... 58.46 Definition. ......0.0. 00. c cece cece cece cece eee ees 1-4 
Definition ...... Pia AR Pale pane Serena tee ane eo pea aaah aa Fee AL Nt 14 Initiating devices 
PUSS naire HOE Cele aes ied sao a os ae Inspection 0.0.06. c cece ce tne e ene e eens Table 7-3.1 
astinctive sl Soa eS a ee aa Reh -9.4.4, 3-3.2.9, 3-8.9.5.1.2 aa . : 
Audiblesisdfeation appliances...........-. 1-5.4.7, A-l-5.4.7(b) TESTING ot. Sint hn Baan oat See a Bip Table 7-2.2, Table 73.2 
Evacuation... ........... 0.0... .00.000... 3-8.4.1.2, A-3-8.4.1.2 
Documentations, 3. ).0 24.6005 i. tA ORR tire a a see Records -F- 
Door release service.................. 2-10.6, 3-9.6, A-2-10.6.5.1.2 
Door unlocking devices .....................+...3-9.7, A-3-9.7.3 Family living units... .... . . .see Household fire warning equipment 
Doors, fire and smoke ...............0 00000 c eee ee eee 395.2 (alarm system) 
Dormitories, detection systems in............. 8-1.4.1.1 to 8-1.4.1.2 Fan control . . ... ieee Ese Beegy sh Ye ge ak AeGoe GA Ae ares as Tears ade 39.5.2 
Double doorway ........... 00000 c cece e ee eee eee eeees 9-10.6.5.4 Field of view (definition). ........... Diente eee nent e eee 1-4 
Definition . 2... ccc ccc cece cece cc eeeeeeeee 1-4, A-1-4 Fire alarm and guard's tour box, combination ................ 2-8 
Double dwelling unit (definition) ...............00.00.000 00. 14 {OE BO Tsetse Petvs Sos Sk eis ea a i 
Drawings, record............ 0000 e cece eee eeeeeeeeees 1-6.2.2(2) Fire alarm control (panel) units 
DEFINITION ie ote ke Ae Marlette da, tahudbler es 6 Sie oe me 1-4 WHO Oe ix o baw ve beeen ab oie a eahnan Abele Rade asbiet RRL ee 1-4 
Dry-pipe sprinkler systems..............0.0.2000..22.38.3.2.4.1 ; Software and firmware control................ 3-2.3, A:3-2.3.3 
Dual control. ... 0.00. ccc ccc ccc cccccevccccucccccuneees -B5.24 Fire alarm signals .....................---: see also Alarm signals 
TV GFTITLON coos ook cee De a cet aes 1-4 DOPING 5.55 ois Bee esd? ped Wk Sede Nat paler Sede oda, CAA arabian 1-4 
Ducts, detectors in ...... 2-3.5.2, 2-10.2 to 210.5, A-2-8.5.2.2, A-2-10 BSC IVE Diesels Ea hei ah eke ba ieee ake eat 78.25 
InspecHOn 2. ocak ge sieeisy eth s Saeki nee ey. a Table 7-3.1 Initiation 
Testing «cee eda sa scen sone devas ee Table 7-2.2, Table 7-3.2 Automatic... eee eee 3 B.3.2.2 
Dwelling units ......... 5 see also Household fire warning equipment Manual ...... 6... eee eee ee  BB3.21 
(alarm system) Inspections ss sie baer abies Gh ded Beles Saws Table 7-3.1 
DefiniGonsis%. 452 asker yah Wa leaned eae iat d eee tend male 1-4 Testing Boe side Meher Ieee Rees tat Cee ear ee Table 7-3.2 
Protected premises alarm systems interconnected........ .3-8.1.4 Tone generator (definition) ............. 0.0... c eee ee eee 1-4 
TYPES oo ee eee es 8-1.4.1 Fire alarm systems. ...... see also Inspections; Maintenance; Testing 
Central station ............see Central station fire alarm systems 
-E ClASSIfI CATON oe 3 ce. 3 Sac Feti tk We layreks wkes done bos Sank gp Behe eles tke abi 1-3.1 
Combinations cud eek OF VEGA a eS Rey ay OBE 
Electrical conductivity heat detectors ................... 2-2.4.5.1 Definition... 6.6.66. eee eens 1-4 
D@PMNIION: 528 Yose arelecalh etre whale, ¢ PACA MA Ab aloe Shaaban h aes 1-4 Common fundamentals. ............ 00.0. e ee eee eee eee 1-5.1 
Elevators Compatibility sition Saeco tices Sue lial Maen Oo Oh aleriae tiie edie mtulet miedin imatie! an hag tenets 1-5.3 
Recall for fire fighters' service ....................3-9.3, A-3-9.3 PICT I ONG: c,9:55./6 oe side Bae dee Be BORER HES Bute ere a aS 4 1-4 
Shutdown ........ 00.0.0... cece eee eee eee es B94, A3-9.4 DESI BT focused Tanascs ongesnng wean 1-5.1.3, 1-5.5.2, A-1-5.1.3, A-1-5.5.2.1 
Eimbe@r of sso 8d on be se abate ds A-2-4.3.3.2, B-5.1.4.2, B-5.3.1.3 DOCSIS 3 oh RS CA ee ied Bae BG 1-6, A-1-6.2 
DEAN ON: ele oi tals ah ei aie Rae Se A aR Deedes 1-4, A-1-4 EQuipMient icc acid duhialaeshs gale Ge adele see Ga a oes gE 1-5.1.2 
Ember detector sensitivity ..................-. B-5.3.3 to B-5.3.4.1 Initiating device, connection to............... 2-1.3.4, A-2-1.3.4 
Definition 23.065 ts ht ae ak Wd Bare AALS as eRe Bek ena 1-4 Installation. ...................000. 1-5.1.4, 1-5.5.2, A-1-5.5.2.1 
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Installation conductors and signaling channels, 


Monitoring iol... 8 43¢ Wee REE eis 1-5.8, A-1-5.8.1 
Interfaces ..........................See Interface equipment 
DAM tatiONs 2s bs cnet %, os ce caeat eyo eesee ae wiley ane shetanla, od Soa tois 1-5.5, A-1-5.5 
Notification appliances..............see Notification appliances 
OQutpUtS cde eu Mesa kalau nami ewiwane a ines 3-8.4, A-3-8.4.1 
PErfOTIMANCE 6165 esse aha 6g dle A cdeee, ok hee ged anelela 1-5.5, A-1-5.5 
Positive alarm sequence...............05- 1-5.4.11, A-1-5.4.11.4 
POWER SUP Ply se 1 ocsisuew grant rere asa oats ce Me R lave GEG ate PEE 1-5.2 
Protected premises... .. see Protected premises fire alarm systems 
Protection of control equipment ................. 1-5.6, A-1-5.6 
Signaling channels, monitoring ................ 1-5.8, A-1-5.8.1 
SPECIFICATIONS 3. oie e sas BE eels oats Se Le le wine ale ee A-1-5.5.2.1 
Suppression system releasing service ................ A-3-8.4.3.6 
System functions. ... 2.0... 6. eee 1-5.4, A-1-5.4 
Testing isi ave Sic Wend cstes te epelaiaits etaade oe 7-2.2, Table 7-2.2, A-7-2.2 
Visible initiation (annunciation)............. 0.00000 eee 1-5.7 

Fire command center ................. 1-5.4.3.2.2(2), 1-5.4.6.1(2) 
DSA ON 3 laos sé taricl tht Sigien Skea ol a ate AB site, tice ate sete cal oaice 1-4 
DUPVIVADIN LY soeitirsein ciel tesla adehuatiel ilardpoe ate: abnesbeatecis pane Pian b2e OPO eed OLO 
Voice/alarm signaling service ........ .3-8.4.1.3.5.1, 3-8.4.1.3.5.5, 

A-3-8.4.1.3.5.5 

Fire: doors. oe pei5 35.2 han ed nba nba d Rink whl a Aes Sshg 9D. 

Fire-gas detectors....................00. Table 7-2.2, Table 7-3.2 
Dehinition ges oa. eaiA oie one nc bonis. dries be Waeuradiorh cual nae Be 1-4 

Fire growth 39: 5.5) eocc5c eacegd. odes 4 eased ge taed = B-2.3.2, B-3.2.6 

Fire models 
GOMpPULER ei! 6 sale Ph Soe kk ee eS ih keh a Ae td B-6 
Detector response s.5, 08,3 ices Bob alse 3 Fe wicks woe oa aha B-5.1.6 

Fire rating (definition) .............. 0.00. 1-4 

Fire safety function control devices (definition) ............... 1-4 

Fire safety functions... 1.0.0.0... ee BY 
AULOM AUCs oes dec atia ed aaele Bote cenabd utd nade waves wie Saeus oR 1-5.4.1 
Definitions ¢ 5 Me 26 Pe a eg a hs eee 1-4 
Status indicators... .. 0.0.0... 0c ee ees 1-5.4.5, A-1-5.4.5.2 

Fire wardens 
Definition se6 85.255 asd Ben baad oie acaid Sort bane oon: Pisherafegte be 1-4 
Telephone use by... 2.0.0... 0.0.0... e eee eee eee 3-8.4.1.3.7.7 

Firmware control ...............0000 eee ee ee es 2.3, A3B-2.3.3 

Fixed temperature detectors ............... 2-2.3, 2-3.6.2.1, 7-3.2.3 
DCR NIMION : j.25 Acs atiks ace hewAa Aad asus woe 4 dees Goer) gan cau bikes 1-4, A-1-4 
OPAC Gey i Mis Me A ENS eh A ee baal tte B-3.3.1 
est methods. 28c.0 sagenG ede eee ae ie den Table 7-2.2 

Mlame@ss4...0 cc's babe tiie Oo tee bee ce ee ee B-5.1.4.1, B-5.2.1.1 
Definition: .2..3 04 5, acd Vast Siske Aki ond Paced Me wert adrtte dy barat 1-4 

Flame detector sensitivity............... B-5.2.1, B-5.2.3 to B-5.2.4 
Definitions ss ohs.e. 6 ok Pee he ee ed Ae Aa eecaldih pechealeitbans 1-4 

Flame detectors.................0000005 2-4, A-2-4.2(a), A-2-4.2.1 
Applications and stability...................000000. A-2-4,3.2.1 
DCF O To 3 50 05-3 eg horses eR Sid oe des ig OA, Oh, Eid ck Sod uaa dl a ctas 1-4, A-1-4 
PACS tes crepes wang MAGNE Sadrate Sul Ghat’ 6 2-4.3.2, A-2-4.3.2 
Systeria Design 35. yecnieety ads seep kennueei ands aueawer Alb is ah Dio B-5.2 

Fuel 3 a hse ended SOG RR eae RES ARE DIE 1-5.2.10.3 

-G- 

Gateway cies eck ods t Gis BR Oe Pa he ae Biol 3-8.1, 3-9.2.4 
Definitions; ds sces dink eet eet Bet Be BES A pitas ae 1-4 

Generators ....................... see Engine-driven generators 

Girders, ceiling (definition).............. 0.0.00. cece eee eee 1-4 

Grounding 3.025) swiss inde Aas nas Pauetea ede tear ema eee WR 1-5.5.5 

Guard’s tour 
Equipment inspection .................00. 000008. Table 7-3.1 
Equipment testing ............0.......00 0. eee eee Table 7-2.2 
SUPELVISOPY: SELVICE oo8 08 whe a Sd ane a Sdalns dood Ate Aue ae aS 3-8.5 

Guard’s tour box and fire alarm system, combination........... 2-8 
Definition 4.554504 3.508 Ses Be Sse ee Sana aden oS Seca hae 1-4 

Guard’s tour reporting stations..................3-8.5.1 to 3-8.5.2 
DSH OM 54a es Ca Sie Bok atti cos ht Bente eG nyt ASEAN Per haga dae 1-4 

Guard’s tour supervisory signal................ 5-2.6.1.2, 5-3.6.6.2 
Definition: ;.). o2.i4.05 d2.0 deter daa oe aa aetuadaeadtcachas ad 1-4 
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Heat alarm (definition).............. 0.00.00 c eee eee eee 1-4 
Heat detectors ............ 0.00.00 cee eee 1-5.6, 2-1.4, 2-2, A-2-1.4 
GOlOP CODING 0-5. 55.0 55.4 55d tbe AA load bee 8 MMe Soba ca tiie 2-2.1.1 
GCOPLELATIONS iieri csc ndaere a petrs h apierds aE ao B-3.3.3 to B-3.3.4 
Coverages. saa tia Ata aed Pale 6d eS Ea es 2-1.4.2, A-2-1.4.2 
DCL DION eo ee eters tans, WERNER Sa OUTER BONG 1-4 
Electrical conductivity (definition) ...................000. 1-4 
Elevators... 0.0.0.0. 0c eee eee eee 3941 to 3-9.4.2, A-3-9.4.1 
Inspection ising s oeaseen ind ages pelea tds tg eee ent Table 7-3.1 
[OStllanOie oie sy 255 eh 3 Sa Fess B39 wos SSG 2S A-8-1.2.4(a), B-1.3.1 
ToGations + 8.55.04 004.4 DE honky ok AAS Arete 2-2.2, A-2-1.4.3, A-2-2.1 
Moun in esis ate cay sentria nistbenr® Bate tebe wane renaiteais A-8-1.2.4(b) 
Performance evaluation ....... 0.00.0. eee eee ee eee B-3 
Spacing...... 2-2.4, Table 2-2.4.5.1, A-2-2.4, A-8-1.2.4(b) (3), B-3.3 
Temperature classification .... 2-2.1, Table 2-2.1.1.1, 2-2.3, A-2-2.3 
POSE Gree seat soe dese daanaven Table 7-2.2, Table 7-3.2, 7-3.2.3 
Theoretical considerations ............ 0000 eee ee eens B-3.3.2 
Heat release rates ................ Fig. B-2.3.2.3.1, Table B-3.3.8.5 
Heating, ventilating, and air conditioning (HVAC) systems... . 2-3.5, 
3-9.5, A-2-3.5 
High air movement areas ......... 2-3.6.6, Fig. 2-3.6.6.3, A-2-3.6.6.3 
High rack storage... 1.2.2... 6 000. e ce eee eee eee 2-3.6.5, A-2-3.6.5 
Hold-up alarms .... 0.0.2.0... 0 ee eee eee 1-5.4.7(c) 
Hotels, detection systems in................. 8-1.4.1.1 to 8-1.4.1.2 
Household fire warning equipment (alarm system) ..... Chap. 8, A-2 
Basic requirements ......... 000... e eee eee eee eee A-2-2 
DeHiON pees ins BAe EU tale Eee ty Sealant Mids Meine 1-4 
Heat Gétectors.s... sti cath phe Soe wa bred Maas A-8-1.2.4 
Nitisance alarms)... 60.4 646 bic esas sce eae eee A-8-1.2.4, A-8-1.4.2 
Option Functions: is se4 5.255 aie Bled ea ays Ow Raves GN shad ES 8-2 
Performance criteria.......... 8-1.2, 8-2.1, 8-4, A-8-1.2, A-8-4.3.2 
Reliability: cxsicciscd i coacgss Daedelus aa 8-3, A-8-3.4 
Required protection ...... 00.0... eee 8-1.4 
Supervising systems... .. 0... eee eee eee eee 8-4.3 
Verification methods. .......... 0.00.0 eee eee 8-1.3, 8-2.2, 8-4.7 
Humidity variation......................45. 1-5.5.1, A-1-5.5.1(1) 
Hunt groups 
DGHNIUON sya ois cop etek a5 Aes pase etesece Fuh eat Satay Sea Gerba aes 1-4 
Loading capacities................. 5-5.3.2.2.2.3, A-5-5.3.2.2.2.3 
L 
Indicating lights ................ 0000. e eee eee eee eee A-6-4.7 
Initiating device circuits .................... 1-5.8.1, 3-4.2, A-3-4.2 
TI CFITTL ON Fe, a eck Balkan aap poh besear Scart Lede detuayyd A dh Bee ee ane bense ashen 1-4 
Performance/capacities ...................3+5, Table 3-5, A-3-5 
Initiating devices .............. Chap. 2, A-2; see also Automatic fire 
detectors; Manual fire alarm boxes 
AULOMAUC wre iiy As ase ie gee eas wares lea ouh OOo 2.2 
DCF ON Gs oF-s Skea tes Fuk atone d boasas atersod Sana Achamtasee Siqud Muecurdee ¢ 1-4 
Dwelling units ............. 0.00.0. c eee eee 8-1.4.2, A-8-1.4.2 
Extinguishing system operation, detection of. . . 2-6 to 2-7, A-2-6.2, 
A-2-7 
Fire alarm system, connection to.............. 2-1.3.4, A-2-1.3.4 
FMSPOGtOME eis. cfs. coy ayn SLeid oie! long enol dual sais! mihde esa aen ee Table 7-3.1 
Installation essed Ste Roe eh ee che ee he ee 1-5.5.6, 2-1.3 
LOCAU ON. 6.8.5 ie he ik Rea ba Ree aa eae Meat, Ra 2-1.3, A-8-1.2.4 
Protected premises alarm systems ........ 3-4.2, 3-8.3.2 to 3-8.3.4 
A-3-4,2, A-3-8.3.3.1.2 to A-3-8.3.3.1.3 
Supervisory signals. ...... 2-9, 3-8.3.3, A-3-8.3.3.1.2 to A-3-8.3.3.1.3 
Testing 5-5 hs are nes lis hehe ae, oa Table 7-2.2, Table 7-3.2 
Waterflow alarms .......................see Waterflow alarms 
Tnisp@Ctioms ss. cee c56 oie Sie Bel Da e808 ate Gabi old ga Delon 7-1, A-7-1 
FOI i ps eid gov vite pore sp en me eae res he Nana ates Fig. 7-5.2.2 
Bréquencysi sie niimeaien tote aed ia kale on 7-3.1, Table 7-3.1 
Recordss: 2.255 200.8 aes Bee whee he hie eats ale Bes 7-5.2, Fig. 7-5.2.2 
Visca rs ee Si yop eee Ae A Thre Riese BA Bad 7-3.1, A-7-3.1 
Installation 
Fire alarm systems ................4- 1-5.1.4, 1-5.5.2, A-1-5.5.2.1 
TEAL CGTERIONS fo 5.5 24 25.5 I ER RS RE A-8-1.2.4(a) 


INDEX 72-199 
Initiating devices. ..... 0.0.0... eee eee eee 2-1.3, A-2-1.3.4 Manual fire alarm boxes...... 1-5.5.6.2, 2-8, 6-5, A-6-5; see also Publi 
Protected premises alarm systems. .............0.+..0+.. 3-41 fire alarm reporting systems 
Public fire alarm reporting systems..................00000- 6-4 Box battery. 6-06. oe cece cette tet 6-5.12.7.2 
Smoke detectors............. 9-3, 8-1.4.2 to 8-1.4.4, A-8-1.2.1(c) Definition. nysdegas paeatidans Sindee de ae otsbenivaas ns SRat enh nsaer Geen wics Meee 1-4 
Integrity Coded reporting systems. ..............0 000000 2-8.3, A-2-8.3 
Emergency voice/alarm communications ........... .3-8.4.1.3.2 RAG 655 ao eh ROKR REE A RRA RA © 6-5.12, 6-14, A-6-5.12.3 
Interconnected systems ......... 0.0.0 e eee eee eee) 38143 WILE 528. seis Bib ee i Meaegintade Rong Sie eaedialdhy dag tal gar gers 6-13 
Power Supply: 2.8 fo fayh a ec ec has Sok heads sted asec 1-5.8.7 Definitlon reek ees ean dae ee + Gatis 8a ja oped Slamernenntene 1-4 
Protected premises fire alarm systems.................3-4, A-3-4 Facilities for receipt of alarms. .................0005- 6-11, 6-12 
Signaling paths... .oic nie ta seal es tees LSA 2 Inspectiony-222 isi erie hs da Gs Bilas es FE eg Sais Table 7-3.1 
Suppression systems ......... 0.0.0 e cece eee eee 38.3,2.5.2 TOCAHO as had dee ee Gace tak ay Ra eee he ae ees 2-8.2, 6-6, A-2-8 
Interconnections ...........0..00 000 ccc cece A-8-2.1.2.2 Mounting. a catoenuy ios Quy tite ce aa eG decks 2-8.1, 2-8.2.3 
DA RTAMIE 3. 625.8 ve oe gb Sed Gard Gant We GALA o eae ameead 6-8, 6-14.2 Signal initiation ..... 0... cece eee 3-8.3.1 
Notification appliances. ........ 6... cece ees 41.5 PAC Bie, Aess cre Pitre eth eee a Recah ee tar Camtasia eee 2-8.2, A-2-8 
Proprietary supervising station systems......... .5-3.2.4, A-5-3.2.4 TelepHone sis £5, dieses Gis cle stig ss, dieses deedar Ore ded ea ate nae 6-5.13 
SmOkKe CEteCtOrs;os...s sec Sioned dev boku Pause ie Red ack eae Gam ed a 8-3.3 MESUN G3 akienst waited Pena ee A aie las La Table 7-2.2, Table 7-3.2 
Interface equipment Master box (definition) ................ 0.00. eee 1-4 
Auxiliary and public fire alarm systems................. 6-16.4.2 Master control (panel) unit 
Circuit interface (definition). ......... 0.0.0.0. cee eee 1-4 DeRNHION sak Cov es deed kd tae hg 4 oa ad OG Sas Sl odes 1-4 
InsSPOCGON. (cori 4 8. bb a8 dS aE Sd oleae foe ata Table 7-3.1 Protected premises master unit ............... 5-3.2.3, 5-3.6.1.1 
Signaling line circuit interface (definition) ................. 1-4 McCulloh systems ................ 5-5.3.3, Table A-5-5.1, A-5-5.3.3 
TOSUINE ic) create lt eases aie foc aces Table 7-2.2, Table 7-3.2, 7-3.2.2 Inspection. Settee teen etter eet eee poten ees Table 7-3.1 
Intermediate fire alarm or supervisory control unit (definition) . . 1-4 Loading capacity .................+.... 5-5,3.3.3, A-5-5.3.3.3.5 
Tien tes ote nee ln ee Me nk oie rr oe ee ha) 6-7.2 MOStiN Gi. 304 ate take Eee es eR Re tet Table 7-2.2, Table 7-3.2 
Ionization smoke detection (definition) ................. 1-4, A-1-4 Transmission channels ...................5-5.3.3.2, A-5-5.3.3.2 
Transmitters... 2.0.0.0... 00000 cece eee eee ee 5.3.3.1, A-5-5.3.3.1 
L Mechanical equipment rooms, audible appliances in 4-3.1.4, A-4-3.1.4 
Metallic conductors, testing of ............. Table 7-2.2, Table 7-3.2 
Labeled (definition) ..........0..0..0ccecceeeeeeeeeeeeeees 1-4 Metallic systems and interconnections . ... . ae 6-8, eae 
Leg facility... 00000. 53.410, 5-5.2.3.1 Microwave radio systems, private . . . . 5-5.3.7, Table A-5-5.1, A-5-5.3. 
Definitions sma ehi tiie hts mtn Ate A ds 1-4 Inspection. «0.0.6.6. eee eee eects Table 7-3.1 
Level ceilings.....0...0 0.000 cece ccc e cence 2-3.4.6.1, A-2-3.4.6.1 ” aa a Table 7-2.2, Table 7-3.2 
DCF ONY 155.7. >. hase deck ots Sad BALE GAR eel wae CAA 1-4 onitoring — 
Life safety network .....0.0. 00.000 c cece cece eee ee ee ees 39.25 ORR DURAD yal bys Reet ate Fee ee ke 
TCH OT arena cance wks Shh hc ies lee Oda red Sante ed Meg 1-4 ac aes a communications systems ........ 1-5.8.6, 
Light and power service ...............00.-0005 1-5.2.4(a), 1-5.2.5 fri fasch ears 
Line-type detectors ............. 2.9.9.9, 9-9.4.5.1, Fig, A-2-2.4.1(b) Installation conductors Sip boindt hs eatare re eo hace eakmencd 1-5.8, A-1-5.8.1 
Den AON cx meus Han tay eae rgtcn eum patience eon ees 14 Seer iin aren ss pee 
Listed Cletinilion)s aca cased caste ped ada raa meu eness 1-4, A-1-4 Bt ee a errr Mie enor ene hee 
: ae Sprinkler systems: )..5.8305:5 janes eo ea kok eRe gla Dae Ls 3-8.3.3 
Loading capacities : ; 
Active multiplex systems. .............. 5-5.3.1.4, Table 5-5.3.1.4 MOON Ree roe Ae areas SO ee es 
ea EP ROOM nn nT Eo iet atiee VELINEI IN LC Rea 1-4 ube fire alarm reporting systems sot ne 6- il to 6-7.1.2, 6-7.2 
Digital alarm communicator receiver (DACR) eae Bee voice/alarm signaling service. . 3-8.4.1.3.5.2, 
hunt groups ................5-5.3.2.2.2.3, A-5-5.3.2.2.2.3 : Ca ere ee. ge, 
Directly connected noncoded systems ................ 5-5.3.6.5 Multiple dwelling ‘unit (definition) . Ne ere ea eee pee 14 
McCulloh systems .........0.02 20000226. 5-5.3.3.3, A5-5.3.3.3.5 Mulfiplesstanon: alaray device (AGHA OW) ori ah tsetse titi 14 
O : a style a4. K Multiple station alarms 
ne-way private radio alarm systems.................. 5-5.3.5.6 a 
: DCA ION: 8 bo 8 he Pech b- a veo sensnS acto id adorns Oa nase ail a coaie ast soe teat, Ces 1-4 
SYSCEMLUNIB 2. SE Oi as Grated aaleleiad Gabi adatantaatent santas MO“ AO : 
: : TntercOnn ECHO 2 ssc wnccnwedse esses Tie Skate es eld Bae geht ¥ Sae 8-3.3 
Two-way radio frequency (RF) multiplex systems........ 5-5.3.4.5 2 : ae . . 
Local xiliary fire al 6-16.4.1(a). A-6-16.4.1(z Multiplexing (definition)....... 1-4; see also Active multiplex systems; 
se aes aceibary Fre glad syste cee Ae ToS *) Two-way radio frequency (RF) multiplex systems 
CUM ON Gee has ARPES De SIE ASE SE SSER TCS A 8 . Municipal fire alarm (street) box......... 6-5, A-6-5 to A-6-6; see also 
Lodging houses, detection systems in................... 8-1.4.1.5 Manual fire alarm boxes 
Loss of power Definitions 3:5 os 5 na0 Sia Ga thst de hdl Mee dd hates 6 1-4 
Definition ...... see e eee eee ees I Municipal fire alarm system (definition) ................0000: 1-4 
Trouble signals ee ONS SE Oe A He Oe Ke Oe eee ee eae as 1-5.8.7.1 Municipal transmitter (definition) bane pavteatcaard, © dacs Scopus cahia se ooh 1-4 
Loudspeakers ................ 3-8.4.1.3.5.6, 4-7.1, A-3-8.4.1.3.5.6.2 
Low power radio transmitters ....................3-10.2 to 3-10.4 
Detinitlon rec, vans con es ork nat ond ple rela ens Lode este 1-4 i 
Low power radio (wireless) systems. . . 3-10, Table 7-2.2, 8-4.4, A-3-10 Nameplates, fire alarm systems .............-2000ce00eee0: 42.1 
911 public safety answering point.......................5-2.4.4.1 
-M- Noncoded signal (definition) .................0. 0000 e eee eee 1-4 
Noncontiguous property ..... 0.6.6.6... ee eee es BB.2.2 
Maintenance ..............0.0000 ce eee 1-4, 7-1, 7-4, 7-5.2, A-7-1 Detinitions ¢ oo 32 .ee cae Ae ees eked eta tah bet cee 1-4 
Auxiliary fire alarm SYSTEMS 06 i See a ed le de ee es 6-16.7 Nonrequired system tei he oM e te ee Be lie 4 oll Be 9-1.4.2.4, 3-2.4 
Central station service «2.26... 06.6. c eee eee eee eee ee 5-2.7 De fim ition 5:2. cl aisrcsads ial eye aeoeae aah remsebia end ainancom eas 1-4 
Household fire warning equipment ............+++++- A8-1.1.2 Nonrestorable initiating device (definition) .................. 1-4 
Proprietary supervising station alarm systems ............. 5-3.7 Notification appliance circuits ......... 1-5.8.1, 3-4.2, 3-7, Table 3-7, 
Protected premises alarm systems ..................2.... 3-21 3.8.4.1.1.4 
Public fire alarm reporting systems..............0.00000005 6-3 IDOANITION 3, sj 8 es BOE k Meek Nae oS nae ee ths eure a eae Oak tol 1-4 
Remote supervising station systems..............5-4.7.2 to 5-4.8 Notification appliances .............0..00 eee ee eee Chap. 4, A-4 
Supervising station fire alarm systems.................... 5-5.6 INCUIVATION: OF 125.3 Gag aes. Tada eset wes RE ES Gee 1-5.4.2.2 
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Auidible:sigiiallsis.::tndacbssee ssc ace Seth aoa atd 4-3, 4-7, A-4-3 
GONMECHONS 3 38.55.8502 dake ed AERIS AA Rear ek 4-2.5, A-4-2.5 
De fim tonne oo ce fsa. tela ahs, Searles, soap lise aestiees Wcless a te leogee dl phaed 1-4 
Thispecti One spate eS Pe ee eS Table 7-3.1 
Intended ise. s%, ic. task ton oR ae Hee Re te WR ae ack 4-1.2 
Interconnection of appliances. ............ 0.00 e ee eee ee 4-1.5 
MOU OF feces he dee coin a ase lod Daan qudaaunaia een aih eam AN 4-2.4 
Nameplates iesicid scented s seein sic ea Oo see ite wae orand wane sete 4-2.1 
Physical construction .... 0... 6. ee eee ee 42.2 
PHOCE CHOI o34 ods oe. AYE Lo i ik Ok Ay Dive a Boe 4-2.3, A-4-2.3 
REGUITEMEN US 5, cots cesar wa sdaonaln lea acieea Ci aeling, wre Ried Saas 4-1.1 
Supplementary visible signaling method ................... 4-6 
SPOSUUING 2 a, 2055, ss Ses esis Sossey eg aacdgih Ses Cebneis Table 7-2.2, Table 7-3.2 
Textual appliances 
PUCIDIC# 2.5.5 ba ght.d 50 be ebk tole sad Sh SA Sa ie ds led ale coed 4-7 
ViSiDlCs, Bs o-354Six Gains aie eed Lactose dee AAC ei he be os 4-8, A-4-8 
Visible SIGNALS! op ssecjenst cmc taenaiush pea cetensies Boa, yeas HE a wnges oe a lise 43.1.1 
Private Mode 45 «Sn ha Se eed ee he ti eats Sa eee as 4-5 
PUbliGm ode s3. 6.0.6.5 Scie s Shik cocete ie detects ior bader eye gc00 4-4, A-4-4 
Textual appliances ors oo) 62008 goeje ice 8 bce) eualee gs ce ened ob co 4-8, A-4-8 
Notification before testing....................00005 7-1.3, A-7-1.3 
Notification zones.......................3°8.4.1.2.3, A-3-8.4.1.2.3 
Definitions sxc sn ace sacdaale ol 86 sake deletes bleed ysdrisoe 1-4 
Nuisance alarm.................000000 00s A-8-1.2.4(a), A-8-1.4.2 
Definition, 33.- 63s: 62. SPA ae Aart AG demanded 1-4 
-O- 
Off-hook ..............00.000.20202....3-8.4.1.3.7.4, 5-5.3.2.1.3 
DCAM OM asi 6 see ae scat rhc Tan Sita he Sit aL eON eas Pha hane ce vantdiess Test eeves sae 14 
One-way private radio alarm systems . . .5-5.2.3.2, 5-5.3.5, A-5-5.3.5.2, 
Table A-5-5.1 
CUAaSSifiG ath ONS petit ane Nterectoa se, Marenest se Metethea oi mtand sngtie wisn by O20. 9.060 
SUPEPVISIONE: suds yn sous ehbe sod Gators deest bce Sos 930s DBD 
Transmission channels............ 006000 0ee eee eee) 5-5.3.5.4 
Onhook eyo. ioc0 ses aelial a ciate Sana tase alta, e ae seliscges ats Gees Deo Le) 
DEAN ON 2.0 eee seid vetelatl Ltda Dh asia d Cake etek badtal ae chee cuethe 1-4 
On-premises communication equipment .................5-5.4.12 
Open area detection (protection) (definition) ................. 1-4 
Operating mode 
Privates eigscie yah snieg Wei ackee whee dle eee Sad Geta 4-3.3, 4-5 
Detinidon 2:2. skies esol ated ea Mite enced Mera Le woe 1-4 
PULA soa wcsctectsayhivecnuse ebooks cunvasaune aaurcaio ses sotceaaet. « 4-3.2, 4-4, A-4-3.2 
Dennmtionl <24.5 05. Pe VS eae he Oe SES Sie eee eae ENT 1-4 
Operating system software....................00. 3-2.3, A-3-2.3.3 
DV GAMUT OI Sa saree aoe Site a ol 2 aw dual Do Nea 8 Sadana Scan gta bel Mee eile Ee 1-4 
Operations 
Auxiliary fire alarm systems ............ 0000000 c ee eee 6-16.6 
Central station fire alarm systems .................5-2.6, A-5-2.6 
Proprietary supervising station fire alarm systems. . . .5-3.6, A-5-3.6 
Remote supervising station systems...............0..0005 5-4.6 
Other fire detectors ........0.0.00.00 0000 c ccc eee 2-5, A-2-5.3 
DSM TONE 5 0 co Bh sue Seacelk IEE aI, ware Sey castes Setaritiles plot phon 1-4 
Overcurrent protection 
Light and power service... 2.6... eee eee 1-5.2.5.3 
Storagebattertes'.. i... so ee ea ede we has 1-5.2.9.3 
Owner’s manuals, fire alarm systems ....... 1-6.2.2(1), A-1-6-2.2(1) 
Ownership 22:2. dune eas Sie ae id Cee eee tA B22 
Definitions: Peek Steels et aces Cae och BG kas mre Beemer tee 14 
-P- 
Paging system ............... 0000s eee 3-8.4.1.3.5.2, A-3-8.2.4 
DS hi OI oak 5 be eaelS apes yok 8 Sat, ode SicdianG ed ps desl any cdots, 830d sate 1-4 
Parallel telephone systems 
Auxiliary (definition)... 0.0.00... 0 0c eee 1-4 
Defra C11 op Pied ie eta Sasa ISSN NOE ce Sede B ee hated ed 1-4 
Partial coverage ........... 0.0.0 c eee eee 2-1.4.2.2, A-2-1.4.2.2 
Partitions 335 ott Pia yee aac PAE aca Ace ated Soa ees 2-3.4.10 
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Dehniton seach haat Kon coe ohana tak Cae ean eae tad Gare s 1-4 
SIG MANO’ hs etiteae S505 ahead co glad chide Saar csatity a edlp sSiatse Ralls “Sita wate OTA 
Peaked ceiling types.............. seeSloping peaked-type ceiling 
Permanent records .........0..00 00 0c ccc cece teens 7-5.1 
Permanent visual record (recording)........ 6-11.1.2, 6-11.2, 6-15.1 
DGHNINON Sic ees ties PES tierce Sle eee leads: BL aR we ech h Ie 1-4 
Personnel 
Auxiliary fire alarm systems ............0 0000s eee eee 6-16.5 
Central station: 25 603434 ets oats cach He eas Sent apie en Ge DeDOD 
Certification of personnel (definition) ..................6. 1-4 
Proprietary supervising station................... 5-3.2.1, 5-3.5 
Remote supervising station systems ......................5-4.5 
Photoelectric light obscuration smoke detection. . . sce also Projected 
beam-type detectors 
Definitions, é 4.535 S59 ed bisa SB Oe ek alee hae 1-4, A-1-4 
Photoelectric light-scattering smoke detection .. . . . see also Spot-type 
detectors 
Demi tOMs seers aie he a ouoke tie a: cers oe atest dus Aone hibee cate 1-4, A-1-4 
Placarded................... 1-6.2.3.2, 5-1.2.2 to 5-1.2.3, A-3-8.4.2 
Deninition’s scsi Pils ces ene the ha gt aba ldah 2b teden dats 1-4 
Plait: bos d eh ee b eds dco nae eed ee 49293, 6.5 A-5-5 3.65.2 
Dei ON 568365 oF sah 8 soe ge ese sachs. Rae ee ee ele Fa A saheiee aye eee 1-4 
Plenums, detectors in .................2000005 2-3.5.2, A-2-3.5.2.2 
Pneumatic rate-of-rise tubing heat detectors. ...... 1-5.8.1, 2-2.4.5.1 
De fini th OMe cece he cates, REN oie b otaas ae toate tensed Age Slanereseehand 1-4, A-1-4 
Poles, leads down. ............0. 0.0 cee nee 6-8.2.4 
Positive alarm sequence .................... 1-5.4.11, A-1-5.4.11.4 
Deniniton sic 5 ete he hae Biogecte tee ter EC Raranog 1-4 
Po Wer Sup plies ice. so3 aio cushig eh Ryortis ish Seeue his eoetiue Ges Sa euerarts raven wa Ge 1-5.2 
Central control equipment............. 0.0... 0000. 3-8.4.1.3.4 
Central station alarm systems ............000 0000s ee 5-2.4.2 
Coded radio reporting systems... ... 2.2... 0.6.00 eee eee eee 6-14.4 
Constant-current systeMS ... 6.26... 0 0 cece eee 6-10.1 
CONUNUIY lei k e e aon Meehan ca les 1-5.2.7, A-1-5.2.7 
Definition .23-2: Hk HEE Ge es PAE ET eee oe eae 4 1-4 
Engine-driven generators ... 6.6.6... eee 1-5.2.10 
IMspectiOn wince ei eed Sovguete ee etln vanan eed Table 7-3.1 
Low power radio (wireless) systems.....................3-10.2 
Monitoring x3. te. Poe Ree agn ites 1-5.8.7, A-1-5.8.7.2 
Public fire alarm reporting systems 6-5.12.7, 6-7, 6-10, 6-14.4, A-6-7 
Remote supervising station systems .................000. 5-4.4.2 
Remotely located control equipment .................. 1-5.2.8 
Smoke: alarms} s.)0. sg. aeeatsa eee oy we heer cee eae 8-4.5 to 8-4.6 
Storage batteries ......... 2.0.0.0. c cece eee eee 1-5.2.9, A-1-5.2.9 
RS ah ever Table 7-2.2, Table 7-3.2 
Preaction sprinkler systems. .....................0065 3-8.3.2.4.1 
Presignal feature ...................0000 000. 1-5.4.10, A-1-5.4.10 
Pressure supervisory signal-initiating devices ................ 2-9.2 
Pressure switches...................3-9.4.3, Table 7-2.2, A-3-9.4.3 
Primary batteries (dry cell).........................3-10.2, 8-4.6 
DefinONs Mocca de ns Sake aerate Meh eda sales Beles LIN 1-4 
Primary power supply .............. 06.0 c ee eee eee eee 1-5.2.4 
Central control equipment.......................3-8.4.1.3.4.1 
Dwelling unit fire warning equipment. ................66. 8-4.1 
Monitoring integrity of...................0 000200000, 1-5.8.7.1 
Transfer of power from..............0.00000. 1-5.2.7, A-1-5.2.7 
Primary trunk facility ........................5-5.2.3.1, 5-5.2.4.1 
DCH ON a r-3. 82 be sighs, hohe ocd. Bye holes den Mansa pease Ah ental aos 1-4 
Prime contractor ...... 1-6.2.3, 5-1.2, 5-2.2.2.4, A-5-2.2.3 to A-5-2.2.4 
DCEO D's Fre. 2 sie as Suen igs Bi oie Ge Dade A Ade Rats, WANG Bas Be 1-4 
Private radio signaling................................5-5,3,1.2 
DeHNIHON sack Feces tiok se scbe Tie aa es Re eet aie isin oe Tem ted Koes 1-4 
Private radio systems .........5 see Microwave radio systems, private; 
One-way private radio alarm systems 
Projected beam-type detectors............ 2-3.4.4, 2-3.6.3, A-2-3.4.3 
Deninition ss crr.ckne he Ragen topes tre adiane ae tak Sa tele s 1-4 
Spacing. ..... 2-3.4.5.2, 2-3.4.6.3, 2-3.6.6.3, A-2-3.4.5.2, A-2-3.6.3.2 
West methods: sdsccseiou vanes edutan vee tates Table 7-2.2 
Proprietary supervising station 
DCF ON 3s ed As te Sse a eae Atel ee I 1-4 
Emergency lighting. ........ 0.0.0... cece eee eee eee) 53.3.4 
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F.quipment:...ce.inginnt wiaiaoshiat sian ine pees DO R 
ACH TEIES oh Sec ua Seer deg eais Gils detsetir tu east pMa teers wlan? More aigns aay eats DLO 
Proprietary supervising station fire alarm systems ....... .5-3, A-5-3 Radiant energy-sensing fire detectors............... 2-4, A-2-4, B-5 
Communications and transmission channels.............5-3.6.1 THAN TOT ais Bb sess Set ates bese ea GALE 8d ata dl a otand on Deeg 1-4 
De fini Otte icine cases coe nee ee Ghee nce al ose Galniete baie 1-4 InspeChlOnni 63 gr eS e Skea Re we Ga ewe ee ees Table 7-3.1 
Dispositions of signals.....................00.0002+.. 53.6.6 Testing, 2 Soe tele Peet ele tel oe etesat te thee oe Table 7-3.2 
Guard's tour delinquency ........................ 5-3.6.6.2 Radio alarm repeater station receiver (RARSR) . . 5-5.2.3.2, 5-5.3.5.1, 
Operations .........0.0 0000 e cece eee ee eee 53.6, A5-3.6 __5-5.3.5.4.1 to 5-5.3.5.5 
Performance criteria ........ 0.000 e cece eee eee Table A-5-1 Definition... 0.1.6... eee 14 
Pelscinelaceeutte eave sett beet bint, Age Dol doa Inspection... -- +. ee eee eee eee eee eee ees Table 7-3.1 
Record keeping and reporting ..............0.0-0+2+. 53.6.7 TeSng 426i 4g Se Pe LAS a oul ca Se eae Table 7-2.2, Table 7-3.2 
Supervisory signals ...........0. 0.0. e eee e eee eee ee 53.6.6.3 Radio alarm supervising station receiver (RASSR) .. . . . . .5-5.3.5.4.2, 
Testing and maintenance. .... 2.6.6... eee eee eee 5-3.7 ‘ 5-5.3.5.5 
Trouble signals 0.2.0.0... 0000. cececeee cess sees. 53.6.6.4 Definition Baste sas PR cts ache ok PS Gigea tock OS eee a a lends Succ 1-4 
Protected premises Inspection pda a hastens gait ee taieldans aan Table 7-3.1 
DeAOWe cen Bae eet ope are gia aoe wa pete ole i 1-4 TSUN ie Baths ba vied ies whan tees gate eee Table 7-2.2, Table 7-3.2 
Fire safety functions .......0..00..000e0 eee 1-5.4.1, A-1-5.4.1.2 Radio alarm system (RAS) Peeeeeree + See also Digital alarm radio system 
Performance criteria .... 2.0.0.0... eee ce eee Table A-5-1 (DARS); Microwave radio systems, private; One-way 
. . private radio alarm systems; Two-way radio frequency 
Protected premises fire alarm systems ................... Chap. 3 (RF) multiplex systems 
APpliCatlOns 686 he rake Ce hee a eG eee hyde Has Sale Pek had ORO OATS aoe Pc een oe aS take Pecan rian doa 6-14 
Combination systems ©... 1-0. +1 eee eee eee eee eee 38.2 Coded radio receiving systems ... . 6-7.1.8.1, A-6-7.1.8.1, A-6-9.1.4, 
Dwelling unit fire warning equipment interconnected... . .3-8.1.4 A-6-14 
Emergency voice/alarm communications . . 3-8.4.1.3, A-3-8.4.1.3.5 TD GFAITIOT. 0 ko oe eee eat Pie ewe De sercotn ene 1-4 
Fire safety control functions. ....- 26-0... eee eee eee eee 39 Low power radio system requirements.............. 3-10, A-3-10 
Initiating device circuits, performance................3-5, A-3-5 Radio alarm transmitter (RAT)... . . .5-5.2.3.2, 5-5.3.5.1, 5-5.3.5.2(3), 
Installation and design... 2.6.6... ee 3-4.1 5-5.3.5.4.5 
TCO QTY eho ccciatnea oBaheht sdie aoa lie SEs a thle a id gagitn sh OR ROO MehnittO ns 604 Si ee Be OS NE MEE! Rik B, 1-4 
Low power radio system requirements ..............3-10, A-3-10 Inspechory.s) 24 tag eg tas sid Based s erated pitereas 22 Table 7-3.1 
Maintenances:s..ia. etait Maes Wael adle fide is 3-2.1 Testing fad eye 225 obs 245 eat dee sad bet Table 7-2.2, Table 7-3.2 
Nonrequired systems .. 06-1... eee cece tree eee eee B24 Radio box channel (frequency) .................000 0005 6-14.1 
Notification appliance circuits..................0.00262...37 Radio channels (definition) ................0.0.00e 00 1-4, A-l-4 
One-way private radio alarm systems, supervision of .. . .5-5.3.5.3.2 Raised floors... cocoon e bce bbe bbbeeees 9.3.4.9 
Performance .........-. 6. eee eee ees 3-4 to 3-7, A-3-4 to A-3-5 RARSR ........ see Radio alarm repeater station receiver (RARSR) 
Requirements ©... . 16.0.6 eee eee tte teeter 38 RAS... 00... 00...00............. See Radio alarm system (RAS) 
Signaling line circuits, performance. .........+..++...3-6, A3-5 RASSR....... see Radio alarm supervising station receiver (RASSR) 
Supervising station, communications with . . seeSupervising station RAT........................ see Radio alarm transmitter (RAT) 
fire alarm systems Rate compensation detectors .................04- 2-2.3, B-3.3.9.2 
Suppression systems DeFNIION y 5s55-Fogie Seo) Le Rage Cie ha attolnns dik aaah hike atiliehsce 1-4, A-1-4 
Actuation. 0.6... 0.06. c eee eee eee eee 38.4.3, A3-8.4.3.6 OSU Gees detect ee Rd ee Rae ee Table 7-2.2 
Signal initiation ...... .3-8.3.2.5, 3-8.3.3, 3-8.4.2.1, A-3-8.3.3.3.2 Rate-of-rise detectors 
PPCSHIN BE eis ei ae M eee et a tale Male aM tel alice acl aide ante ES, 3 ORDeL IDEMMINONS, cs00 os Pies hoses ee eae ork PES Fae ees e 1-4, A-1-4 
Protected premises (local) control unit (panel) (definition) ...... 1-4 Spacing: io.caw ak whee hind oe Renee ae DARA RRR ae Mae B-3.3.9 
Protected premises (local) fire alarm system (definition)........ 1-4 SPOSUING 5s at lsc 8 8 alec oleh ay aiMaad ane toys lovee beara Nae ey bee gee ed Table 7-2.2 
Public fire alarm reporting systems.................. Chap. 6, A-6 Rate-of-rise pneumatic tubing heat detectors ...... 1-5.8.1, 2-2.4.5.1 
BOXES ahi tae cua erayk cnt Bath ahaa ne ae suas 6-4.3 to 6-5, A-6-5, A-6-6 Def GON 05.4 Gos nhs VERGE EHS Ce Pan Re GAARA sae ds 1-4, A-1-4 
Coded radio reporting systems ............00 00000 cece 6-14 Receiver/control output signals ..........................3-10.7 
Coded wired reporting systems .......... 006000 c eee eee 6-13 Record drawings. ............ 0.00 cece eee eee e teen e ee 1-6.2.2(2) 
DEHN MIONE eres eas. thet oe aad alah ages tae oc as bine see boats ech gs 1-4 DG FIOM ak oS eh Ca A GY anneal Gants, AO eae ae 1-4 
Equipment/installation .. 2.0... 0.00... eee 6-4 Records... oo occ ccc bcc cece ceecue 1-6, A-1-6.2, A-7-5 
Management/maintenance.... 26... 6-3 Boxialarms 4 iad ekoetde Cee aes 6-11.1 to 6-11.2 
Metallic systems and interconnections ............... 6-8, 6-14.2 Central station fire alarm systems.............. 5-2.6.1.5, 5-2.6.2 
Power supply... 0.2... 0.0.0.0 0 cece eee 6-5.12.7, 6-7, 6-10, 6-14.4 Completion of ........ 1-6.2, Fig. 1-6.2.1, 3-8.3.2.3.1(d), A-1-6.2.1 
Receiving equipment .. 1... +s ee eee eee eee eee 6-11 to 6-12 DefiniiOniss wath dae nunde centage canner pede tanbar tyes 1-4 
Signal transmission facilities ............ 0... e eee eee eee ee 6-9 Guard's tour... 0... cc cece ec cece cence nee neeueeueens 3-8.5.3 
SUPETVISION «6... ee eee eee 6-14.6 Proprietary supervising station alarm systems............ 5-3.6.7 
System integrity... 6... 6c eee eee ee eee ee 6-11.3 Proprietary supervising stations ....................... 53.4.6 
Telephone reporting systems Public fire alarm reporting system circuits ................ 6-4.2 
SOMES 2.) Eo he ee ageia Ai wind aed Rida at aan dadawté aoe 6-15 Remote supervising station systems ......................5-4.7 
DUPECEDOK CS si5e. Payne Spc lay egos ee Speen eee eae 6-5.13 Supervising station fire alarm systems ............. 5-5.5, A-5-5.5 
FTO StU oe ened ose nie easel eialecte ae Bate Bg ale ale cela abet Table 7-2.2, 7-3.5 Test Signals: i. ei teiee ea ey aste h ee ies 5-2.6.1.5, A-5-2.6.1.5.2 
Trouble signals:... 35.25.22 Sees ale. fe sate ged tee ke ook Saar tne tree 6-11.4 Testing, inspection, and maintenance ................ 7-5, A-7-5 
Public fire service communications center Visual recording devices, alarm box receiving equipment .6-11.1.2, 
Auxiliary fire alarm systems ..........000. 0000. e eee eee 6-16.3 6-11.2 
Circuit protection.............. 0.0.00 eee 6-9.1.4.1.5, 6-9.1.4.2 Voice recordings «1... 6... e cece cece eee eee 6-15.4 to 6-15.5 
MDEFITLON: Fie. ft liv dF inkeckii ted dy went dcied, bie eed eee Re aen te 1-4 Rectifiers: icles: ale d eich ees 5.8 eS? hehe 6-7.1.1 to 6-7.1.2, 6-7.2 
Transmission tO.......... 000 e eee eee ee eee ee 2.4.4, A-5-2.4.4 Referenced publications Seen le Wath aly of tak midleg RAMS aes Chap. 9, App. Cc 
Public switched telephone network........... .5-5.3.1.2, 5-5.3.2.1.1 Releasing devices, electromechanical 
DDG IONE wg eager CA Gre Lhe cope US Sena need Seale Mae Sree sid Suas 1-4 INSPECHONS 4.5 oe hn oot he Hoe Cae La EN ee eau Table 7-3.1 
Pump supervision............0 000.0 cece cence eens 3-8.3.3.2 WEStin 3 ate ba dons che aah ds eae Table 7-2.2, Table 7-3.2 
Purpose of standard ............... 000. c eee ee 1-2, A-1-2.1 Releasing systems, suppression system............ 7-1.5, A-3-8.4.3.6 
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Relocations.) 3s es aeaeeite ona Bante ncaa Bebde onus Batol Mento 3-8.4.1.3 
Dehn tommy sais see aadphe Seep dpe REN ep od ee et Neca eesied aed 1-4 
Remote annunciators 
Inspections cect ie has cacn leads nas satan Cate Table 7-3.1 
TSStinG. vise ita iets ea eee hss Table 7-2.2, Table 7-3.2 
Remote receiving equipment.................. 0.0.0 e eee eee 6-12 
Remote supervising station fire alarm systems ......... 5-4, A-5-4.3 
Definite oo Bia. Sis cole d Rise ish Ak ale eraeasnd ed eelira eon be 1-4 
Performance Criteria ro si38., sarees Soa Sy she, use weer ane es Table A-5-1 
POWER SUP Ply ie setae, soveres he. ork dl Sate or, Sica. cue teennthcr hacia ghee 1-5.2.8 
Repeater station ............. 00.0. c eee eee eee ee  5-5.3.2.5.2 
DEH OM igriene db avecernenn as Ri hea gie ages Mike ode cRee etek: Gae 1-4 
Reporting: 2g S MAS SH i 8 Ba eR he see Records 
Reset (2 the, hi tides had hth bedec teeing 1-5.4.11.1.2, 3-8.1.3, 5-5.3.2.1.5 
Definitions 275 ta fis CA oR PAO Oe Sead adr ancna a Mheae 1-4 
Restorable initiating device 
Definition 9.0% F3.976, 688 od ont aod aE ae edocs: Mia Lard eee Aaa de 1-4 
ROSUNG iss Mes ME tas heh ek Sita ote ae Table 7-2.2 
Retransmission ........................ See Transmission means 
Return air system ................ 2-10.4.2.2, 2-10.5.7, A-2-10.4.2.2 
Room temperature supervisory signal-initiating devices....... 2-9.5 
Rooming houses, detection systems in .................. 8-1.4.1.5 
RUNOFF sso ahs a8 cee SO fade Bab le oreetecs 5-2.6.1.2.1, 5-2.6.1.3, 5-3.5.1 
DC bar 1 Oc. ties ecg terse gee asad gE ene eteal Eg odor ed Mate oe Sek ghd 1-4 
RUNNER SELVICE 5550) 5c ree esis gl 88g ns aoe Sih tegen bob fone bss 3:9 oe De Dee 
Gb ON 5 ids She sue Saco Ak Saeed Seapcd nud paslon SiRledpaslove cot ed pa ee 1-4 
S- 
Satellite trunk (definition) ..............0.0.. 000000 c eee eens 1-4 
Scanner (definition) ............. 0.0 ccc eee eee enee 1-4 
Scope of Standards 3. sye3.6 8 scset ies cd BG SEU RG ORE. OMG I OS 1-1 
Secondary (standby) power supply ....................... 1-5.2.6 
Central control equipment ...................06. 3-8.4.1.3.4.2 
Dwelling unit fire warning equipment ................... 8-4.1 
Monitoring integrity of .................. 0002 1-5.8.7.1 
OSHS ie srettsc lees Se Sins Wares Bay atiente sande labs Table 7-2.2 
Transfer of power to... 2.0.00... 0.00.00 00a 1-5.2.7, A-1-5.2.7 
Secondary trunk facility (definition)......................... 14 
Selective coverage. ..............0 0.0 ee eee 2-1.4.2.3, A-2-1.4.2.3 
SONSIAVIEY 5.6. ciic chi s dagiasoryedo yd sending Phage gs BRE: S 2-3.3, 7-3.2.1, A-2-3.3 
Separate sleeping area (definition) .......................... 1-4 
Shall (definition)... .......0...0 000000 1-4 
Shapes of ceilings (definition)......... 1-4; see also Sloping ceilings; 


Sloping peaked-type ceiling; Sloping shed-type ceiling; 
Smooth ceiling 


Shed ceiling types.................. seeSloping shed-type ceiling 
Should (definition) ............ 0... eee 1-4 
Shunt auxiliary fire alarm system6-16.4.1(b), 6-16.4.4.1, A-6-16.4.1(b) 
DG Aira OI gece se Sade tte epee a am ete deste hey an eel onde area ee 1-4 
Signal (definition)............ 0... eee 1-4 
Signal priority: 5,.35.5)o36 sestes een Neos oes eo teiien wets as DO a] 
Signal transmission facilities ...............0. 00.00 ec eee eee 6-9 
Signal transmission sequence (definition) .................... 1-4 
Signaling line circuit interface (definition).................... 14 
Signaling line circuits ...................... 1-5.8.1, 3-4.3, A-3-4.2 
Definitions: 25.3% Gee sie eys Paehlece Ls Oe Seto tm led elescond ig aot 14 
Performance/capabilities of ............... 3-6, Table 3-6, A-3-5 
Signaling paths. 9.6.54 3.s.6:2 3645 et eet i Os 3-4.3 
Signaling systems ........................See Fire alarm systems 
Single dwelling unit (definition) ........................000. 1-4 
Single station alarm device (definition) ...................... 1-4 
Single station alarms................. 8-1.4.1.1.3, 8-1.4.2 to 8-1.4.6 
DG ATOM ees e552 gece aires ates are oval eae Ladd Sesce gs. exh albe|eigen ote |v 1-4 
Site-specific software (definition) .......................000. 1-4 
Sleeping areas 
Audible appliances in... 1.6... eee 4-3.4 
SMOKE Ala y p4 ke hed Sasa bape e ales 8-1.4.1, A-8-1.2.1 (a) 
Visible notification appliances located in...... 4-4.4.3, A-4-4.4.3.2 
Sloping ceilings 
DEHMNIION 345. a sdekea 8 SON Bh waa eed See Re EAL eng Wn ee 1-4, A-1-4 
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Detector spacing ................. 2-2.4.4, 2-3.4.6.2, A-2-2.4.4.1, 
Fig. A-2-2.4.4.1 to A-2-2.4.4.2 
Sloping peaked-type ceiling........ 2-2.4.4.1, Fig. A-2-2.4.4.1, 2-3.4.7 
Definitions 005, seins heehee, Aoe hot saree ea ee eee 1-4, A-1-4 
Sloping shed-type ceiling 2-2.4.4.2, 2-3.4.8, Fig. A-2-2.4.4.1, A-2-2.4.4.2 
Definitions.:2.c 5 she Bongo hagas tae tare dae tiet dane op 1-4, A-1-4 
Smoke alarms. ........ 20.0.0... cee cece eee ee 8-4.5 to 8-4.6 
DeAMGON 528% oa er tiom a athe eNteRo et aerated Ate 1-4 
Multiple, interconnection of ........... 0.0. c cece ee eee 8-3.3 
Smoke detectors. ............0. 0.0 eens 2-1.4, 2-3, A-2-1.4 
Air duct systems....... 2-10.2 to 2-10.5, 2-10.4.2, 2-10.5, A-2-10.4.2 
PTCA Ss atignin oak Us bida Tings Be tins @ Ab yk RR eee: 2-10.4.1 
Characteristics: 34.53.05244 005 2h edie hea Lageks B-4.1.2.4 
Cloud chamber smoke detection (definition) .............. 1-4 
COVETAGE: 63.83.58 SO ds neato d Mame Bake Vers awe NG 2-1.4.2, A-2-1.4.2 
DV SAMT ONE. gis 0-2. cise ss Ae el bub 8. Bakes Sy Sakae nab rea haa ay SAN SANE OME 1-4 
DESIG This n5 oud oe ang Kok ah nein eed Cth Rata he ets 2-3, A-2-3 
Door release service ........ 0.00 eee ees 2-10.6, A-2-10.6.5.1.2 
Elevatorsisscccr08: cet stle tee 3-9.3.1, 3-9.3.3 to 3-9.3.4, 3-9.3.7 
Environmental conditions and....... Table A-2-3.6.1.1, Table A-2- 
3.6.1.2(a) 
Heating, ventilating, and air conditioning (HVAC) . . 2-3.5, A-2-3.5 
INSPECHON oeigucert oe ig gs ance tata tds anes Table 7-3.1 
Installations, ce 5 ete bog tu sun ietuayh Booked Bs See woagys. sheers 2-3, A-8-1.2.4 
Location....... 2-3.4, 2-3.6.6.2, 8-1.4.2 to 8-1.4.4, A-2-3.2, A-2-3.4, 
A-8-1.2.1, A-8-1.4.1 
Moun tin oie atch eee beret og Hh ects ede Baer arec ave A-8-1.2.4(a) 
Response characteristics... 6.6.6... ees B-4.1.2 
Response prediction methods ..................0 00065 B-4.1.3 
SENSUAL Eo. deals so claritaticd wae ests stich Rhetaanles 2-3.3, 7-3.2.1, A-2-3.3 
Smoke spread control... 0... 0... 0. cee 2-10, A-2-10 
Spacing............. 2-3.4, 2-3.6.6.3, Table 2-3.6.6.3, A-2-3.4, B-4 
Special considerations. ............. 000.0000 eee 2-3.6, A-2-3.6 
WOSUN Gi 0s steec hth encts hy Ee beh ete Table 7-2.2, Table 7-3.2, 8-3.5 
Saioke: doors. 9.259 55 239 whew 2994 Se ee ewy ed ees 29.5 3-9.5.2 
Smoke spread, detectors for control of............... 2-10, A-2-10 
Smooth ceilings 
DefiinitiGtie sk he AAA AAR EER SO eB dees deh tA Sociale 1-4, A-1-4 
Detector spacing ............ 2-2.4.1, 2-3.4.5, A-2-2.4.1, A-2-3.4.5 
Software control. .......0.0.0.0.0.000 00 cee ee ee F238, A3B-2.3.3 
Solid joist construction 
Detiniton cree ee EA ee Rot Ge ee AE REE NS S 1-4 
Detector spacing ................ 2-2.2, 2-2.4.2, 2-3.4.6, A-2-3.4.6 
Spacing oka dod Hoy Qovdinypaud HVS an euk eae BOS an eee App. B 
Definitonis state: Seats. ka Bowie atl A aera oie tan Se aed 1-4 
Heat detectors...............00005 2-2.4, A-2-2.4, Table 2-2.4.5.1, 
A-8-1.2.4(b) (3), B-3.3 
Smoke detectors ..... 2-3.4, 2-3.6.6.3, Table 2-3.6.6.3, A-2-3.4, B-4 
Visible notification appliances ................ 4-4.4.1 to 4-4.4.2 
Spark detector sensitivity .................... B-5.3.3 to B-5.3.4.1 
Definite asso bets gE TNE ac hatesaek tate lec Rites rata 1-4 
Spark detectors ...................00. 2-4.1, A-2-4.2(b), A-2-4.2.1 
DEAT ON ero is i et eas SG Ne Reh Maes SOE tS 1-4 
SPAGl MGs erase ies ich, Cie sts oh), basin pais Casutes ioe ees ts 2-4.3.3, A-2-4.3.3 
System: designs ihe i Nas bt eee els as, Suet eB tales B-5.3 
Sparks 265 ison ti iotis.s ba Ges Rte LORS A-2-4.3,3.2, B-5.3.1.3 
DCEO so 50s ees ER Fy eH See sad Pe Ss BAe 1-4, A-1-4 
Speaker amplifiers, monitoring of............ 1-5.8.6.1, A-1-5.8.6.1 
Speakers 23/5342 o5.05- ah aids Cutie ogress aniey Hert 3-8.2.4, 4-7.1, A-3-8.2.4 
Special hazard equipment, testing of........ Table 7-2.2, Table 7-3.2 
Spot-type detectors ............... 2-3.4.5.1, 2-3.4.6.1, A-2-3.4.5.1.2 
Definitions. incck Baie ka Boided halen Sihccet yet S ake efi aks 1-4, A-1-4 
Heat-sensing.................. 2-2.2.1, 7-3.2.3, Fig. A-2-2.4.1 (a) 
SMOKE oi4 8 ae Picket ts 2-3,4.3, 2-3.6.2, A-2-3.4.3, A-2-3.6.2.2 
MOSHING ens anh ooh est ys eet Shige aang dots ace ease Table 7-2.2 
Sprinkler systems .....................5 see also Waterflow alarms 
SUPCTVISION «7 isis .e ceed tae secs dia asa ead eid ees ed aes 3-8.3.3.1.2 
Status indicators. ........0.0.0.0. 0000 c eee eee 1-5.4.5, A-1-5.4.5.2 
Storage batteries................................ see Batteries 
StOP yes ek cle Sioa Bee be tek ete tee 8-1.4.1.6.2(3), A-8-1.2.1 
De HMA ON S575 tose esse 02 sous gen Bde sce eos ha a es ees one 1-4 
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Stratification ............. 2-3.4.4, 2-3.6.1.4, A-2-3.6.1.4, B-4.1.2.3.8 
TGA MIONE 9s eae oes aS, Sites tok Sa Sha sae habslaahed pela ieee 1-4 
Street boxes................ seeMunicipal fire alarm (street) box 
Subseribet si5.s3. acess. h.a/3 seal a0 Gil yg Gala A-5-2.2.4, A-5-5.3.2.1.9 
DGHNMION oie aii ale ae telage Saltese Meee Deda aea ha eating kes 1-4 
Subsidiary station ............ 0.000. ee ee) BB.3.5 
Definition? es: cet sa eas a a a a eh te 1-4 
Supervising station ...................... 1-5.4.3.2.2(3), 5-5.3.4.2 
Gf WON es ee Seal ls aa a Sa a A aes a ae ates 1-4 
Performance eritenia 12 ose /sa Sa a hee a Table A-5-1 
Trouble signals transmitted to..................0005- 3-8.4.4.2 
Supervising station fire alarm systems ............... Chap. 5, A-5 
POUIAT ANY tcc 8 tt: Bre eitactnh ea pelregt fiddle Wiha eta: thas eat a eg tunaetane sent as 6-16 
Central station fire alarm systems. . . . see Central station fire alarm 
systems 
Communications with protected premises.............5-5, A-5-5 


Digital communicator systems ... see Digital alarm communicator 
system (DACS) 


Display sissie eo cad eds Mend ad lead a8 albedo hk tah ge BceceD2D8D pASD=D.D 
Dwelling unit fire warning equipment ................... 8-4.3 
Proprietary . . see Proprietary supervising station fire alarm systems 
Public alarm reporting systems... . § see Public fire alarm reporting 
systems 
RECOPAING 65.0 Seek Se Si 5 Se Bagh 8 Ba eggs aah ns 95h fe DDD ASOD 
Remote ..... 0.0... cece eee eee eee ee ee DA, A5-4,3 
Spare Equipment ...0.5 Sov Low ne hel ea aia ee OAD 
Testing and maintenance. .... 2.2... . 6... eee eee eee eee B56 
Supervision 
Coded radio reporting systems ............. 000000 ee 6-14.6 
One-way private radio alarm systems.................. 5-5.3.5.3 
Public fire alarm reporting systems.................000. 6-14.6 
Supervisory service 
DCL ON ses ae a scoala ee gl NR AUe eee ase Nh Ripa cyEANS 1-4 
Low power radio (wireless) systems. ...........00 0.0000 3-10.4 
Supervisory signal initiating devices ................. 2-9, 3-8.4.2.1 
DIMOND) 525.5 8 ceeds Fk ee 8 lo tae GI AS pha DR aN Gy nega ae Gans 1-4 
INSPECHON ook ee SE edo Se peste Wig ewe edeaesee Table 7-3.1 
MOSUNG..d60)e "etude aceletead ¢ helps Peete ee vee Table 7-2.2, Table 7-3.2 
Supervisory signals.......... 1-5.4.3, 5-5.3.6.2; see also Alarm signals 
Central station response...................5-2.6.1.3, A-5-2.6.1.3 
COO sds saccade gh Ls Shad Oe Ghitaa Tenet anedlote btuetaess 1-5.4.3 
DCI CION: eS gee thas od ten ted R asada h S la aca Be Degas bn Sogo oe 1-4 
Distin chives... ose iyeese a egies FE pa Sle Saal eae 1-5.4.7 
EPA ALI OT ooo Sst ance chs ale Ged act tied A Mel Mad ooitelel Mad sonal AOTOsO LO 
TRS PECtONS iyi arene ayo SAA Side aah Wile Seared oases Table 7-3.1 
Low power radio (wireless) systems....................3-10.4.5 
Proprietary supervising station alarm systems .......... 5-3.6.6.3 
SUOMI CHING A SF adc obi e Panes Pee tech PON Bese aad Ee enthaa i tis 1-5.4.9 
Testing frequency ............. 0.0. eee eee eee Table 7-3.2 
Supervisory stations ............. 00.0000 e eee ee eee es 5534.2 
Supervisory switches.................0.00 00200224 .5-5.3.3.3.3 
Supplementary coverage ............. 2-1.4.2.4, 2-1.4.4, A-2-1.4.2.4 
Supplementary (definition) ................ 0.0.0.0. 0c ee eee 1-4 
Supply air’system.. iiss coe) do a sie 9 act le ation aaa 2-10.4.2.1 
Suppressed (exception reporting) signal system ............. 3-8.6 
Suppression systems ....... 0.2... 00.00. c eee eee eee ee) 38.4.3 
Actuation. ...... 6.6... cece eee eee ee) 38.4.3, A3B-8.4.3.6 
Signal initiation......... .3-8.3.2.5, 3-8.3.3, 3-8.4.2.1, A-3-8.3.3.3.2 
Survivability.....................3-8.4.1.1, 38.4.1.3.3, A-3-8.4.1.1 
Suspended. ceilings ss osc eceional oee Loree Gs ORG ested Ore Es etale Fee 2-3.4.9 
Switched telephone network ............................5-4.4.4 
Definition. 39.9.5 stesso aie ain 8a Sok OHS MEENA A OMEN Bee Re Sa 1-4 
System interfaces...................... seeInterface equipment 
System reacceptance testing..................... 7-1.6.2, A-7-1.6.2 
System unit .................... 5-5.3.1.1, 5-5.3.1.2.3, 5-5.3.4.1(c) 
Definitions, 3.9 5.066.565 ais eS Pe Ra ae ain He Eee Tae 1-4 
Loading capacity... 0.0... 0c eee eee D646 
Spare EquipMEenti.000i.8 ata. eee piace aes VA genie GOODALD 
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Tactile notification appliance (definition) .................... 1-4 
MAM POV iM go. cose: saheesps ted dee fo seis apts Be ae Sa eueen Pe ee ae ees A-3-8.2.4 
Telephone street boxes ..... 0.2.0... 0... c ccc 6-5.13 
Telephones’... 22.0540 sos eho Bubtlind Rak ta S28 SAGARA eS ah sea A-5-3.6.5 
Central stauonn.. ice n ee Moy Gee GUE ee Che eR LN ES A-5-2.4.4 
Series reporting systems ..... 6.2... 0. eee eee ee 6-15 
LOS ELA Doe criudlse tea Seer visors tomers Bae oak wes sians Maes Table 7-2.2 
Textual appliances. ... 00... 0... eee eee ee eee 4-7.2 
Two-way telephone communications service . . 1-5.8.6.2, 3-8.4.1.3.7, 
A-3-8.4.1.3.7.3 
Temperature variation...................... 1-5.5.1, A-1-5.5.1(1) 
Test signals ............ 0... c eee eee eee 5-2.6.1.5, A-5-2.6.1.5.2 
Testing 55.6 sorts gcse Bane tok Violets Betas aes Chap. 7, A-7-1 
Auxiliary fire alarm systems. ..........0.0000000 0000 e ee 6-16.7 
Central station service... 0.6.6... DDT 
HOPI: Cite treats sob 8 Set tet uel ate a da ea Aon, Fig. 7-5.2.2 
Brequieney aise 55.3 Sk heh talsids anled ea ets Gsdon ded Fs 7-3.2, A-7-3.2 
Household fire warning equipment...................05. 8-4.7 
Meth Od i3y35 6:25 10ts tests aie, Gab alone te eluted 3 7-2, Table 7-2.2, A-7-2 
Proprietary supervising station alarm systems..............5-3.7 
Protected premises alarm systems ..............-.....+..3-2.1 
Public fire alarm reporting systems ..................4. 6-4.2.1 
RE COLES Sirs cig Seine g Mok weal Geb eeSinde ware Wea oe ignhlals 7-5.2, A-7-5 
Releasing systems... 6.0... 0.0.0.0. cece eee eee eee eee 7-1.5 
Remote supervising station systems ............... 5-4.7.2, 5-4.8 
Smoke detectors. 0... 0.0... cece eee eee 8-3.5 
Supervising station fire alarm systems ....................5-5.6 
System acceptance. ..... 0.5... eee eee eee 7-1.6, A-7-1.6.2 
Textual audible notification appliances .............. 4-7, A-4-7.1.2 
DehnitOny 5 3, cigs nage ROS OATES GOR ERS ele Kare 6 1-4 
Textual visible notification appliances.................. 4-8, A-4-8 
DG frm 1th ns 529 oe oo: ge ak 5 aes Eek Ge Sh SLRS eeu ah Se Heb SS 1-4 
Thermal! lags i.5 Seis Fie do edd BA eed Chie bee 2 Gas A-1-4 
Three-wire power supply.................0 0000000 1-5.2.5.1(b) 
Throughput probability............................... 5-5.4.14 
Ti@ Cir cunts 3s hla bd ek is Shee eee, Sih tek. ie eed eeeice- cra hs 6-9.1.3 
Time Constant and Response Time Index (RTI) ........... B-3.2.5 
Tone-generating equipment, monitoring of... .. 1-5.8.6.1, A-1-5.8.6.1 
Total Coverage tio. ic aiatiat Giat a Shed, eet sieht as noes Pe ud oe 2-1.4.2.1 
Transient suppressors .................... Table 7-2.2, Table 7-3.1 
Transmission channels. ............. 0066. c eee eee 1-5.8.1 
Active: multiplex seo Cave taka has ea ek pc beds i232 
DfMIION a ies cops tea wae Maced telecom vide dey! Ga acaghtecate Yeats Na 1-4 


Digital alarm communicator receiver (DACR) ........ 5-5.3.2.2.2 
Digital alarm communicator transmitter (DACT) ..... 5-5.3.2.1.6 


McCulloh systems .......................5-5.3,3.2, A-5-5.3.3.2 
One-way private radio alarm systems ..................5-5.3.5.4 
Other technologies .. 2... 0.0... c ccc eee DBA 
Proprietary supervising station fire alarm systems......... 5-3.6.1 
Two-way radio frequency (RF) multiplex systems ....... .5-5.3.4.3 
Transmission means 
Central station alarm systems ........ .5-2.4.3 to 5-2.4.4, A-5-2.4.4 
Digital alarm communicator transmitter (DACT) ..... 5-5.3.2.1.7 
Remote supervising station systems ............ 5-4.4.3 to 5-4.4.4 
TES Gs vee Gate attain aaa ene Table 7-2.2, Table 7-3.2 
Transmitters .......: see also Digital alarm communicator transmitter 


(DACT); Digital alarm radio transmitter (DART); 
Radio alarm transmitter (RAT) 


VERT LONI x96 se. tessni-f,canke wasp tn velecid in kor alevto! Sadie wighaio! Reedie-mahtos dh Oe tesa 1-4 
Low power radio ..........02..000 000000202. 310.2 to 3-10.4 
Definithorie 9: eelenihs (acd des, Pier eae aces Tee ee ares 1-4 
McCulloh systems .......................5-5.3.3.1, A-5-5.3.3.1 
Municipal (definition) ........ 20.0.0... eee eee eee 1-4 
ATAMS PON Ors eo, 5 oss ey gS eeu eats Shad aap seas eee A-5-5.3.1.2 
DGCPINTTION 2 pails, Gia! ei pace cist dide basso eh) Bog wel Meaney racing wire & 1-4 
Trouble signals ....... 1-5.4.6, 1-5.8.5, 1-5.8.6.1; see also Alarm signals 
Central station response ............... 5-2.6.1.4, A-5-2.6.1.4(1) 
Coded radio box systems. ...............4-- 6-14.6.6 to 6-14.6.7 
DeGPNTHON s sectis.ie 3 eed vee Stn ES ake eee Pa a ee 1-4 
Distinctive signals.................. 1-5.4.4, 1-5.4.7, A-1-5.4.7(b) 
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Initiations cociaccwsmehaesinen salu ates S89 .4,,3-0:4. 23) 
TrispecCtiOns ys. A e.g 4 OS deli Sota a sea ES arentve we eaaes Table 7-3.1 
Power failure... 0.0... ee ee ees 1-5.8.7.1, 8-4.2 
Proprietary supervising station 5-3.4.5, 5-3.4.9 to 5-3.4.10, 5-3.6.6.4 
Public fire alarm reporting systems..................005 6-11.4 
Remote supervising station systems.............5-4.2.1, 5-4.4.1.3 
DUE s teis s, a sear su hdugst alee shee oo <ges abi 1-5.4.6.3, A-1-5.4.6.3 
To supervising station. ... 6.2.6... cee cee eee ee 3-8.4.4.2 
TeSUN Gi iiiig:s kde odes Sa Saw a eens Table 7-2.2, Table 7-3.2 
Under-voltage detection, battery...................4. 1-5.2.9.5 


Two-way radio frequency (RF) multiplex systems . 5-5.2.3.1, 5-5.2.3.3, 
5-5.3.4, Table A-5-5.1 


Classifications, adverse conditions ..........5-5.3.4.4, A-5-5.3.4.4 
ThisP@ CH OMe 3.6 esses en Se Sk A Ro oR ke E Table 7-3.1 
Loading capacities ........ 6.0.0 eee eee es 553.45 
TO SU11G «5, seeks Sea erates Seales fa Son slats Peanets Table 7-2.2, Table 7-3.2 
Transmission channel....... 0.2.06. 06 00 eee eee eee es 553.43 
Two-wire power supply... 6.0... 0666. c eee 1-5.2.5.1(a) 
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Underground cables... 2.2.6.0... eee 6-8.2.2 
Uninterruptible power supply (UPS) . . .1-5.2.7, Table 7-2.2, A-1-5.2.7 
Unique transmitter identifier............................5-5.4.8 
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Valves, supervision of... 2.2.0... 6... cee 2-9.1 
Visible notification appliances........... Tables 4-4.4.1(a) and (b) 
Appliance photometrics.............. 6.000000 ee 4-4.3, A-4-4.3 
Ceiling-mounted.................004. 4-4.4, Table 4-4.4.1.1(b) 
Corridor spacing... 0.2.6... 0.6 ccc eee ee Table 4-4.4.2.1 
DCEO: be etaha Levoca tesctdales ae ties ad elapse ge Se cccetengiGRe ME Cas aWecke Re 1-4 
Light pulse characteristics... 66.0.6... cece ce cece 4-4.2 
LOGAtOn ts, 4:45 dex eek AA Sieh Rartees ORE A eae bas 4-4.4, A-4-4.4 
Nameplates’... 2 ccs) 2.553 ou hc. Boe sek ele ghs hd e hh dertbes Ghote 4-2.1.2 
BriVatC UN GOs se des Seaypclss Setelonsy Sst taney eodedrietorey ged dene Meda Sane todd redid 4-5 
PULDHGEANMOD ES odes. 84 vee bo HO SA BOSE Sa hed kDa bad bead aes 4-4, A-4-4 
Remote supervising station systems.............5-4.2.1, 5-4.4.1.4 
Supervisory signals... 0... .. 0... cece cece eee 1-5.4.3.2.2 
TestMethods 4.2 cca cs eee oA A Mee eee Table 7-2.2 
Textual appl ancess: p20 srcy ested S vec soatee sey lade coral ee ee 4-8, A-4-8 
DeRNAON apes esse ea POS NH a te aeteet Mashhad s 14 
Trouble signals ............ 06. cee cee eee 1-5.4.6.1 to 1-5.4.6.2 
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Wall-mounted appliances .. 4-4.4, Table 4-4.4.1.1(a), Fig. A-4-4.4.1 


Visible zone alarm indication ....................0.00005 1-5.7.1 
Visual recording devices, alarm box receiving equipment. . .6-11.1.2, 
6-11.2 

Voice intelligibility. ......................0005. 4-3.1.5, A-4-3.1.5 
Demi LOM go sto-5 eh lance hs St tubes tie tel eertats nape shes alate bere 1-4, A-1-4 

Voice Tecordings i 25,.6: si eS Wg le deal dees 6-15.4 to 6-15.5 

Voice/alarm signaling service............. 3-8.4.1.3.5, A-3-8.4.1.3.5 

Voltage, variation of......................5. 1-5.5.1, A-1-5.5.1(1) 

-W- 

Water level supervisory signal-initiating devices.............. 2-9.3 

Water temperature supervision. ................0.0 0.0 2-9.4 

Waterflow alarms. .............. 0.000 e eee eee eee 2-6, A-2-6.2 
Elevator shutdown. .........0...000 0 eee eee ee 3943, A-3B-9.4.3 
ENSPECHONE ios. 5 5 edie de Suan bates meshes. eelere hone Table 7-3.1 
Manual alarm boxes for ............ 000000000 eee. 3-8,3.1.2 
Signal anianron’ sess ccasen dues Method oltoal tenses Deusct ses el OOO 2A 
Tesingina< fa atisuvisr ee Tea Law chee Table 7-2.2, Table 7-3.2 

Waterflow switches. ... 0.0.0... 0 0600 eee es 5B3.3,.3.2 

WATS (Wide Area Telephone Service)... . . 5-5.3.2.1.9, A-5-5.3.2.1.11 
Deftones 5 fo Ss seissd Fe haste de ais ali sates we Rd Iau wide Paes ee ae 1-4 

Wavelength) .¢cc.fe hig Soe cc ene cee tet A-2-4.2.1, B-5.1 
DEHN HON, se die Gaia e Latin ena mae ge tele Ak 1-4, A-1-4 

Wireless control panel (definition).......................0.0. 1-4 

Wireless protection system (definition)...................... 1-4 

Wireless repeater (definition)................... 0000 e eee ee 1-4 

Wireless systems, low power. . see Low power radio (wireless) systems 

WARN fo -8, ba ale ane 4c Dis afaudl paps ta Saag ese al oneiE in ns 1-5.5.4, A-1-5.5.4 
Diastams? i re.ecn tigi events wees reeten 28 wees Ooh A-7-2.2(a) 

-Z- 

ZONES? 655 6 EO i Iu 1-5.7, A-1-5.7.1.2 
Definition si soos psig ot crn ade yer ee a ne lend Eons Bae 1-4 
Elevator (iss. eee i vee baw ed ee ane See erie Os Figs. A-3-9.3.7(a) 
FVACUAU GD cotih o 5.ia GaP ae ahead Bah a tutethed Manca then attest Net 3-8.4.1.3.6 
Notification ..................00000006.. 38.4.1, A3-8.4.1.2.3 

Def OM ir is, iodine Susie ete eda inary sans ade Baad gnaree tao Rnaieo s 1-4 
QUIT OF ore. Sect OF 95h Bye a ln eclea gh Dep ascal dea eh. De wel 1-5.7.1.2 
Systemtcclasies ek Mee eth Mes pakslee prensa thie a A-1-5.7.1.2 
Visible zone alarm indication............ 5.05.02. 0 000 1-5.7.1 
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Chapter 3 Cross Reference 


1996 Code Section 1999 Code Section 1996 Code Section 1999 Code Section 1996 Code Section 1999 Code Section 
3-1 3-1 3-8.11.3 3-8.5.3 3-12.4 3-8.4.1.3.3 
3-2 3-2 3-8.12 3-8.6 3-12.4.1 3-8.4.1.3.3.1 
3-2.1 3-2 3-8.12.1 3-8.6.1 3-12.4.2 3-8.4.1.3.3.2 
3-2.2 3-2.1 3-8.12.2 3-8.6.2 3-12.4.3 3-8.4.1.3.3.3 
3-2.3 3-8.4.1 3-8.12.3 3-8.6.3 3-12.5 3-8.4.1.3.4 
3-2.4 3-8.4.1.1 3-8.12.4 3-8.6.4 3-12.5.1 3-8.4.1.3.4.1 
3-2.5 3-2.3 3-8.12.5 3-8.6.5 3-12.5.2 3-8.4.1.3.4.2 
3-2.5.1 3-2.3.1 3-8.12.6 3-8.6.6 3-12.6 3-8.4.1.3.5 
3-2.5.2 3-2.3.2 3-8.13 3-8.2 3-12.6.1 3-8.4.1.3.5.1 
3-2.5.3 3-2.3.3 3-8.13.1 3-8.2.1 3-12.6.2 3-8.4.1.3.5.2 
3-2.5.4 3-2.3.4 3-8.13.2 3-8.2.2 3-12.6.3 3-8.4.1.3.5.3 
3-3 3-3 3-8.13.3 3-8.2.3 3-12.6.3.1 3-8.4.1.3.5.3.1 
3-4 3-4 3-8.13.4 3-8.2.4 3-12.6.3.2 3-8.4.1.3.5.3.2 
3-4.1 3-4.1 3-8.13.5 3-8.2.5 3-12.6.3.3 3-8.4.1.3.5.3.3 
3-4.2 3-8.4.1 3-8.13.6 3-8.2.6 3-12.6.3.4 3-8.4.1.3.5.3.4 
3-4.3 3-4.2 3-8.14 3-9.3 3-12.6.4 3-8.4.1.3.5.4 
3-4.3.1 3-4.2.1 3-8.14.1 3-9.3.1 3-12.6.5 3-8.4.1.3.5.5 
3-4.3.2 3-4.2.2 3-8.14.2 3-9.3.2 3-12.6.5.1 3-8.4.1.3.5.5.1 
3-4.4 3-4.2.2.2 3-8.14.3 3-9.3.4 3-12.6.5.2 3-8.4.1.3.5.5.2 
3-4.5 3-4.3 3-8.14.4 3-9.3.5 3-12.6.5.3 3-8.4.1.3.5.5.3 
3-4.5.1 3-4.3.1 3-8.14.5 3-9.3.6 3-12.6.6 3-8.4.1.3.5.6 
3-4.5.2 3-4.3.2 3-8.14.6 3-9.3.7 3-12.6.6.1 3-8.4.1.3.5.6.1 
3-5 3-5 3-8.15 3-9.4 3-12.6.6.2 3-8.4.1.3.5.6.2 
3-6 3-6 3-8.15.1 3-9.4.1 3-12.6.6.3 3-8.4.1.3.5.6.3 
3-7 3-7 3-8.15.2 3-9.4.2 3-12.6.6.4 3-8.4.1.3.5.6.4 
3-7.1 3-7 3-8.15.3 3-9.4.3 3-12.7 3-8.4.1.3.6 
3-7.2 3-8.4.1.2 3-8.16 3-8.4.4.2 3-12.7.1 3-8.4.1.3.6.1 
3-8 3-8 3-8.16.1 3-8.4.4.2.1 3-12.7.2 3-8.4.1.3.6.2 
3-8.1 3-8.3.2 3-8.16.2 3-8.4.4.2.1 3-12.8 3-8.4.1.3.7 
3-8.1.1 3-8.3.2.1 & 3-8.3.1.1 3-9 3-9 3-12.8.1 3-8.4.1.3.7.1 
3-8.1.2 3-8.3.1.2 3-9.1 3-9.1 3-12.8.2 3-8.4.1.3.7.2 
3-8.1.3 3-8.3.2.1 3-9.2 3-9.2 3-12.8.3 3-8.4.1.3.7.3 
3-8.2 3-8.3.2.2 3-9.2.1 3-9.2.1 3-12.8.4 3-8.4.1.3.7.4 
3-8.2.1 3-8.3.1.1 3-9.2.2 3-9.2.2 3-12.8.5 3-8.4.1.3.7.5 
3-8.2.2 3-8.3.2.2 3-9.2.3 3-9.2.3 3-12.8.6 3-8.4.1.3.7.6 
3-8.2.3 3-8.3.2.3.1 3-9.2.4 3-9.2.4 3-12.8.7 3-8.4.1.3.7.7 
3-8.2.4 - 3-9.2.5 3-9.2.6 3-12.8.8 3-8.4.1.3.7.8 
3-8.2.5 3-8.3.2.3.3 3-9.2.6 1-5.4.5.1 3-12.8.9 3-8.4.1.3.7.9 
3-8.3 3-8.4.2.2 3-9.3.1 3-9.5.1 3-13 3-10 
3-8.4 3-8.3.2.3.2 3-9.3.2 3-9.5.2 3-13.1 3-10.1 
3-8.5 3-8.3.2.4 3-9.3.3 3-9.5.3 3-13.2 3-10.2 
3-8.5.1 1-5.1.2 & 2-9 3-9.3.4 3-9.5.4 3-13.3 3-10.3 
3-8.5.2 3-8.3.2.4.1 3-9.4 3-9.6 3-13.3.1 3-10.3.1 
3-8.5.3 3-8.3.2.4.2 3-9.4.1 3-9.6.1 3-13.3.2 3-10.3.2 
3-8.6 3-8.3.3 3-9.4.2 3-9.6.2 3-13.3.3 3-10.3.3 
3-8.6.1 3-8.3.3.1 3-9.4.3 3-9.6.3 3-13.3.4 3-10.3.4 
3-8.6.1.1 1-5.1.2 & 2-9 3-9.4.4 3-9.6.4 3-13.3.5 3-10.3.5 
3-8.6.1.2 3-8.3.1.1 3-9.5 3-9.7 3-13.4 3-10.4 
3-8.6.2 3-8.3.3.1.2 3-9.5.1 3-9.7.1 3-13.4.1 3-10.4.1 
3-8.6.3 3-8.3.3.1.3 3-9.5.2 3-9.7.2 3-13.4.2 3-10.4.2 
3-8.6.4 3-8.3.3.1.2 3-9.5.3 3-9.7.3 3-13.4.3 3-10.4.3 
3-8.6.5 3-8.3.3.1.2 3-10 3-8.4.3 3-13.4.4 3-10.4.4 
3-8.6.6 - 3-10.1 3-8.4.3.1 3-13.4.5 3-10.4.5 
3-8.6.7 3-8.3.3.1.2 3-10.2 3-8.4.3.2 3-13.4.6 3-10.4.6 
3-8.6.8 3-8.3.3.1.2 3-10.3 3-8.4.3.3 
3-8.7 3-2.2 3-10.4 3-8.4.3.4 
3-8.8 3-8.3.2.5 3-10.5 3-8.4.3.5 
3-8.8.1 3-8.3.2.5.1 3-10.6 3-8.4.3.6 
3-8.8.2 3-8.3.2.5.2 3-10.7 3-8.4.3.7 
3-8.8.3 3-8.3.2.5.2 3-11 3-8.1 
3-8.9 3-8.3.3.2 3-11.1 3-8.1.1 
3-8.9.1 3-8.3.3.2.1 3-11.2 3-8.1.2 
3-8.9.2 3-8.3.3.2.2 3-11.2.1 3-8.1.2.1 
3-8.10 3-8.3.4 3-11.2.2 3-8.1.2.2 
3-8.10.1 3-8.3.4.1 3-11.3 3-8.1.3 
3-8.10.2 3-8.3.3.1.2 3-12 3-8.4.1.3 
3-8.11 3-8.5 3-12.1 3-8.4.1.3 
3-8.11.1 3-8.5.1 3-12.2 3-8.4.1.3.1 
3-8.11.2 3-8.5.2 3-12.3 3-8.4.1.3.2 


